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ABSTRACT 


Project Evergreen was an experiment conducted to evaluate antenna responses to 
nanosecond pulses and the capability of broadband equipment to capture them. The 
two antennas tested were a log periodic antenna modified by Lawrence Livermore 
National Laboratories and a TEM horn antenna. 

Analysis of the data collected by the Naval Postgraduate School test site personnel 
indicated the following: 

1. The antenna output response characteristic is different for the log periodic 
antenna and the TEM horn antenna. 

2. The received polarization is a function of the transmitted polarization and the 
orientation of the receiving site relative to the transmitting site. 

3. Signal strength and capture are a function of the polarization alignment of the 
transmitting and receiving antenna. 

4. Pulses on the order of 1 to 10 nanoseconds require bandwidths exceeding 1 
Gigahertz (GHz) in the transmitting and receiving equipment. 

5. Broadband equipment with minimum bandwidths of 1 GHz are required to 


adequately capture and process extremely short time duration signals. 
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Power Spectral Density - Dc Offset = - 6.48 mV 


Semi log. (Y-axis), Log (X-axis) plot... < . « . «°% 


Figure 46 Waveform NTS15A01.WFM - Directory 5-8-90 


Transmitting Antenna - LLNL Log Periodic ..... 


Figure 47 Waveform NTS15HO1.WFM - Directory 5-8-90 


Transmitting Antenna - LLNL Log Periodic ..... 
Figure 48 Waveform NTS13A01.WFM - Directory 5-7-90 
Transmitting Antenna - Big TEM Horn........ 
Figure 49 Waveform NTS13V01.WFM - Directory 5-7-90 
Transmitting Antenna - Big TEM Horn........ 
Figure 50 NBS Technical Note 1008, figure 9, p. 14 
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Figure 51 LLNL Technical Note 2-1-90, figure 7, p. 7 
Test Response from modified Log Periodic Antenna . . 
Figure 52 Waveform NTS13M01.WFM - Directory 5-7-90 
Horizontal Polarization [ Paired with NTS13N01.WFM ] 
Figure 53 Waveform NTS13NO1.WFM - Directory 5-7-90 
Vertical Polarization [ Paired with NTS13M01.WFM } . 
Figure 54 Waveform NTS13R01.WFM - Directory 5-7-90 
Horizontal Polarization [ Paired with NTS13S01.WFM } 
Figure 55 Waveform NTS13S01.WFM - Directory 5-7-90 
Vertical Polarization [ Paired with NTS13R01.WFM ] . 
Figure 56 Waveform NTS15A01.WFM - Directory 5-8-90 
LLNL Log Periodic Antenna \ Horizontal Polarization . 
Figure 57 Waveform NTS15H0O1.WFM - Directory 5-8-90 
LLNL Log Periodic Antenna \ Horizontal Polarization . 
Figure 58 Waveform NTS13V01.WFM <- Directory 5-7-90 
Big TEM Horn Antenna \ Horizontal Polarization ... 
Figure 59 Waveform NTS13A01.WFM - Directory 5-7-90 
Big TEM Horn Antenna \ Horizontal Polarization ... 
Figure 60 Waveform NTS15E01.WFM - Directory 5-8-90 
LLNL Log Periodic Antenna \ Vertical Polarization. . 
Figure 61 Waveform NTS15D01.WFM - Directory 5-8-90 
LLNL Log Periodic Antenna \ Vertical Polarization. . 
Figure 62 Waveform NTS13C0O1.WFM - Directory 5-7-90 
Big TEM Horn Antenna \ Vertical Polarization .... 
Figure 63 Waveform NTS13W01.WFM - Directory 5-7-90 


Big TEM Horn Antenna \ Vertical Polarization .... 
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Figure 64 Waveform NTS15HO1.WFM [Paired with NTS15E01.WFM] 


LLNL Log Periodic Antenna \ Horizontal Polarization. . 
Figure 65 Waveform NTS15E01.WFM [Paired with NTS15H01.WFM] 
LLNL Log Periodic Antenna \ Vertical Polarization... 
Figure 66 Waveform NTS15A01.WFM [Paired with NTS15D01.WFM}] 
LLNL Log Periodic Antenna \ Horizontal Polarization. . 
Figure 67 Waveform NTS15D01.WFM [Paired with NTS15A01.WFM]} 
LLNL Log Periodic Antenna \ Vertical Polarization... 
Figure 68 Waveform NTS13A01.WFM [Paired with NTS13C01.WFM} 
Big TEM Horn Antenna \ Horizontal Polarization .... 
Figure 69 Waveform NTS13C01.WFM [Paired with NTS13A01.WFM] 
Big TEM Horn Antenna \ Vertical Polarization ..... 
Figure 70 Waveform NTS13V01.WFM [Paired with NTS13W01.WFM}] 
Big TEM Horn Antenna \ Horizontal Polarization .... 
Figure 71 Waveform NTS13W01.WFM [Paired with NTS13V01.WFM] 
Big TEM Horn Antenna \ Vertical Polarization ..... 
Figure 72 Reference Frame - Coordinate Axes .... 
Figure 73 Reference Frame - Elevation Angle = 45 degrees 
Relative to the Horizontal Plane ........... 
Figure 74 Waveform NTS15W01.WFM [Paired with NTS15V01.WFM] 
Horizontal Component \ Elevation Angle = 45 degrees 
PENG modified LP Antenna” .-. << <9. 2 65 6 seme es 
Figure 75 Waveform NTS15V01.WFM [Paired with NTS15W01.WFM] 
Vertical Component \ Elevation Angle = 45 degrees 


EENG modified LP Antenna . ss. . i: «6 s...6 «9 « 6 6. *© . % 
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Figure 76 Waveform NTS12J01.WFM [Paired with NTS12K01.WFM] 
Horizontal Component \ Elevation Angle = 45 degrees 

Big TEM Horn Antenna... <6) .° <:qigeeeeeee 
Figure 77 Waveform NTS12K01.WFM [Paired with NTS12J01.WFM] 
Vertical Component \ Elevation Angle = 45 degrees 

Big TEM Horn Antenna 2 °° ee eee 
Figure 78 Waveform NTS15A01.WFM [Paired with NTS15D01.WFM] 
Horizontal Component \ LLNL Jog Periodic Antenna 

Energy versus Time Graph ... +... « « «© « « « « « « 
Figure 79 Waveform NTS15D01.WFM [Paired with NTS15A01.WFM]} 


Vertical Component \ LLNL Log Periodic Antenna 


Energy versus Time Graph ...... . 6 « «© « «© © « -« 
Figure 80 Energy versus Time Graph - "NORMALIZED" 
Waveforms NTS15A01.WFM and NTS15D01.WFM ....... . 


Figure 81 Waveform NTS13A01.WFM [Paired with NTS13C01.WFM] 
Horizontal Component \ Big TEM Horn Antenna 

Energy versus Time Graph... . Gee. 
Figure 82 Waveform NTS13C01.WFM [Paired with NTS13A01.WFM] 
Vertical Component \ Big TEM Horn Antenna 

Energy versus Time Graph . 3. . 2 <2.) ss. « 2) eeeteueen ce 
Figure 83 Energy versus Time Graph - "NORMALIZED" 
Waveforms NTS13A01.WFM and NTS13C0O1.WFM ....... =. 
Figure 84 Waveform NTS15W01.WFM [Paired with NTS15V01.WFM] 
Horizontal Component \ Elevation Angle = 45 degrees 


Energy versus Time Graph - LLNL Log Periodic Antenna 
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Figure 85 Waveform NTS15V01.WFM [Paired with NTS15W01.WFM] 


Vertical Component \ Elevation Angle = 45 degrees 


Energy versus Time Graph - LLNL Log Periodic Antenna 138 
Figure 86 Energy versus Time Graph - "NORMALIZED" 
Waveforms NTS15V01.WFM and NTS15W0O1.WFM ........ 139 


Figure 87 Waveform NTS12J01.WFM [Paired with NTS12K01.WFM] 
Horizontal Component \ Elevation Angle = 45 degrees 

Energy versus Time Graph - Big TEM Horn Antenna... 140 
Figure 88 Waveform NTS12K01.WFM (Paired with NTS12J01.WFM] 


Vertical Component \ Elevation Angle = 45 degrees 


Energy versus Time Graph - Big TEM Horn Antenna... 140 
Figure 89 Energy versus Time Graph - "NORMALIZED" 
Waveforms NTS12J01.WFM and NTS12K01.WFM ....... =. 141 


Figure 90 Waveform NTS15P01.WFM [Paired with NTS15N01.WFM] 
LLNL Log Periodic Antenna - Horizontal Component .. 142 
Figure 91 Waveform NTS15P01.WFM (Paired with NTS15N01.WFM] 
Power Spectral Density Graph <- Horizontal Component . 142 
Figure 92 Waveform NTS15N0O1.WFM (Paired with NTS15P01.WFM} 
LLNL Log Periodic Antenna - Vertical Component... 143 
Figure 93 Waveform NTS15NO1.WFM (Paired with NTS15P01.WFM}] 
Power Spectral Density Graph - Vertical Component .. 143 
Figure 94 Waveform NTS16D01.WFM [Paired with NTS16C01.WFM} 
Big TEM Horn Antenna - Horizontal Component ..... 144 
Figure 95 Waveform NTS16D01.WFM [Paired with NTS16C01.WFM} 


Power Spectral Density Graph - Horizontal Component . 144 
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Figure 96 Waveform NTS16C01.WFM [Paired with NTS16D01.WFM] 
Big TEM Horn Antenna - Vertical Component ..... . 
Figure 97 Waveform NTS16C01.WFM [Paired with NTS16D01.WFM] 
Power Spectral Density Graph - Vertical Component . . 
Figure 98 Waveform NTS15A01.WFM [Paired with NTS15D01.WFM] 
LLNL Log Periodic Antenna - Horizontal Component... 
Figure 99 Waveform NTS15A01.WFM [Paired with NTS15D01.WFM] 
Power Spectral Density Graph - Horizontal Component . 
Figure 100 Waveform NTS15D01.WFM (Paired w/ NTS15A01.WFM] 
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Figure 101 Waveform NTS15D01.WFM [Paired w/ NTS15A01.WFM] 
Power Spectral Density Graph - Vertical Component. . 
Figure 102 Waveform NTS13V01.WFM [Paired w/ NTS13W01.WFM] 
Big Tem Horn Antenna - Horizontal Component .... . 
Figure 103 Waveform NTS13V01.WFM (Paired w/ NTS13W01.WFM] 
Power Spectral Density Graph - Horizontal Component . 
Figure 104 Waveform NTS13W01.WFM {Paired w/ NTS13V01.WFM] 
Big TEM Horn Antenna - Vertical Component ..... . 


Figure 105 Waveform NTS13W01.WFM {Paired w/ NTS13V01.WFM] 


Power Spectral Density Graph - Vertical Component . . 
Figure 106 Waveform NTSO6001.WFM - Directory 5-1-90 
LLNL Log Periedic Antenna  ..... eee 


Figure 107 Waveform NTSO6001.WFM -<- Directory 5-1-90 
Power Spectral Density Graph ......... «+... 


Figure 108 Waveform NTSO4K0O1.WFM - Directory 5-1-90 


Big TEM Horn Antenna ......... 
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Figure 109 Waveform NTSO4K01.WFM - Directory 5-1-90 
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I. INTRODUCTION 


Project Evergreen was conducted at the Nevada Test Site 
during the period 30 April to 8 May 1990. The purpose of the 
experiment was to evaluate antenna output responses to various 
pulsed inputs. Additionally, the capability of broadband 
equipment to adequately capture short time duration signals 
was evaluated. 

To test antenna responses and the ability of broadband 
equipment to adequately capture these pulses, a Febetron and 
a UK pulser were used to generate pulses on the order of 
1 - 10 nanoseconds in duration. The Febetron and UK pulser 
are spark gap discharge devices, consisting of several 
Capacitors each. 

To evaluate the received signal characteristics as a 
function of azimuthal angle, the transmitting antenna was 
rotated while the receiving sites remained stationary. This 
simulated a receiver physically moving around the periphery of 
a transmitting antenna and evaluating the antenna radiation 
pattern. 

The Naval Postgraduate School test site personnel used two 
different L-band horn antennas, a Tektronix 7104 oscilloscope 
and the Digitizing Camera System (DCS) software for reception 


and digital capture of the transmitted pulses. One horn 


antenna was used as a trigger to detect the incoming pulses. 
The second horn antenna with well established and understood 
frequency response characteristics [see Ref. 3] was uSed as 
the receiving antenna. 

Two antenna configurations, a modified log-periodic anda 
transverse electric-magnetic (TEM) horn antenna were tested. 
The modified log-periodic antenna was designed by Lawrence 
Livermore National Laboratorzies to specifically take into 
account the inherent frequency delays experienced by the 
antenna. The output characteristic of the modified log- 
periodic (LP) antenna maintained a relatively flat response 
over the frequency range from O Hertz (Hz) to 1 Gigagertz 
(GHZ) with minimal distortion in the pulse shape resulting 
from induced phase delay shifts. Figure 1 illustrates the 
output characteristics of the modified LP antenna designed by 
Lawrence Livermore National Laboratories. 

Three signal waveforms were generated for testing and 
measuring the output frequency responses of each antenna. The 
three waveforms used for the test were: 

1. A pulsed continuous wave (CW) signal that was transmitted 
using on-off keying. 


2. Short time duration (impulse) signal using a spark-gap 
discharge device (Febetron). 


3. Short time duration (impulse) signal using a spark-gap 
discharge device (UK pulser). 


The transmission characteristics of the pulsed CW signal 


were: (Ref. 1] 


Pulse width: less than 10 milliseconds. 


Repetition rate: time between pulses at least nine (9) 
times the pulse width (i.e. 10 % maximum duty cycle) for 
bursts of 1 to 100 pulses. 


Time between bursts: at least 4 minutes. 

CW frequencies: 
Band(s) between: 100 Megahertz (MHz) and 400 MHz. 
Bandwidth: 10 MHz sweep. 


Power to antenna: 5 Watt (W) maximum, averaged over any 
Single burst. 100 W maximum peak power. 


The transmission characteristics of the pulsed signals 


were: (Ref. l:pp. 6-7] 


1. 


Input pulse width: will vary from a few hundred 
picoseconds (ps) up to a few nanoseconds (ns). 


Pulse repetition rate: between 10 Hz and 1 kilohertz 
(KHz). Burst lengths for the higher frequency repetition 
rates will be limited to 1 or 2 seconds, but burst 
lengths at frequencies near 10 Hz may be as long as 10 
seconds. 


Time between bursts: at least four (4) minutes. 


Frequency: the radiated frequency spectrum from the 
antennas iS primarily contained between 100 MHz and 1.2 
GHz with considerably lower output up to 2 GHz, confined 
to a window of less than 100 nanoseconds (typically about 
20 ns). 


Field strength: the maximum peak field strengths 
expected were well below 100 volts/meter at 1 kilometer 
(probably less than 30 V/m at 1 km). 


Power to antenna: average power was less than 10 W 
during any transmission and was limited to less than 1 W 
when necessary. 


The continuous wave (CW) on-off keyed signal was used 
during the first few days during set-up to test the equipment, 
allow for calibration and to allow the different groups 
participating in the test to test and calibrate their 
equipment properly. 

The transmitting and receiving frequency response 
characteristics of antennas will vary depending on the antenna 
type and signal. A log-periodic antenna and a TEM horn 
antenna were chosen for the test since they have well known 
and established frequency response characteristics. 

The log-periodic antenna will maintain a relatively flat 
output frequency response within the bandwidth for which it 
was designed. Signals containing frequencies outside this 
"designed bandwidth" will experience distortion due to induced 
phase delays that have not been compensated for. The induced 
phase delays are frequency dependent, with the phased delay 
increasing for progressively greater frequencies. For signals 
of extremely short time duration with correspondingly large 
bandwidths (on the order of 1 GHz or greater), the aggregate 
phase delays can be significant and result in a severely 
distorted output pulse compared to the input pulse. To 
minimize this effect and achieve a relatively flat response 
over a wide frequency range, a log-periodic antenna can be 
modified and designed to transmit very short time duration 
Signals. The modified log-periodic antenna tested during 


Project Evergreen was developed by Lawrence Livermore National 


Laboratory, Applied Technology Section for just this 
purpose.[{Ref. 2] 

The second antenna type tested was a TEM horn antenna. 
Measurements and tests were conducted by the Electromagnetic 
Technology Division at the National Bureau of Standards on TEM 
horn antennas to determine their operating characteristics 
when excited by impulsive fields. Impulsive fields on the 
order of 1 nanosecond were used to test the characteristics of 
the TEM horn antenna when used in both the transmitting and 
receiving mode. Test results indicated that the TEM horn 
antenna maintained a relatively flat frequency response (+ 3 


QB) from 200 Mhz to 4 GHz.[{Ref. 3] 
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Figure 1 LLNL Technical Note 2-1-90, fig. 7, p. 7. [Ref. 2] 
Test response from modified 7 element Log Periodic Antenna. 
Shown are power gain, transient response, radiated field 
magnitude (------ ) and phase (- - - -) to a gaussian pulse 
with 1 nanosecond FWHM. 


II. SUMMARY OF RESULTS 


In analyzing the data, the power spectral density (PSD) of 
the digitized waveforms was computed. In this process, the 
straight PSD was computed, without windowing or smoothing in 
time or frequency. Additionally, no averaging of sample 
points was done to minimize the effects of noise as this would 
distort the actual data. In this analysis, extracting the 
true shape of the pulsed signal from the effects of noise was 
not an objective. 

For the data that was analyzed, the 20 dB bandwidth of the 
Signals was less than the oscilloscope bandwidth. The 
digitized signals were therefore, accurate representations of 
the true analog signal as determined by the Nyquist sampling 
theorem. The one caution that must be noted, however, is that 
if a signal pulse contained individual frequencies exceeding 
the 1 Ghz bandwidth of the oscilloscope filter or the maximum 
Nyquist bandwidth (determined by looking at the photograph to 
determine the time duration of a single cycle), then signal 
information would be _ lost, specifically the higher 
frequencies. 

The following is a summary of the trends and patterns 
observed in analyzing the Evergreen data: 


1. The shape of the received pulse was noticeably different 
when the transmitting antenna used was a TEM horn versus 


the LLNL modified LP antenna. Figure 2 and Figure 3 
illustrate the received waveform shape when the LLNL LP 
antenna was used for transmission. Figure 4 and Figure 5 
illustrate the received waveform shape when the TEM horn 
antenna was used for transmission. These differences, 
reflect the different transmitting characteristics of a 
TEM horn [see Figure 6] versus the LLNL modified LP 
antenna [see Figure 7]. Figure 6 is the response of the 
receiving horn antenna used by the Naval Postgraduate 
School test site personnel, although it is characteristic 
of other horn antennas of similar configuration and 
construction. Figures 1 through 4, furthermore, are for 
the case in which the receiving antenna was oriented to 
match the transmitting antenna's polarization (i.e. 
horizontal). 


The TEM horn when used as the transmitting antenna 
appeared to produce symmetric looking waveforms in both 
the horizontal and vertical direction. The amplitude of 
the pulse for the vertically received polarization, 
however, was still less than the corresponding amplitude 
for the horizontally received polarization. 


When the receiving antenna was oriented in the horizontal 
direction to pick up the horizontally polarized, 
transmitted wave, the main pulse was distinctly observed. 
When the transmitting antenna used was the LLNL modified 
LP antenna, the main pulse was discernible and resembled 
the waveform shape depicted in Figure 7. The TEM horn 
antenna when used for transmission, generated a main 
pulse that was similarly discernible, though the pulse 
shape was different, resembling the output from the 
Febetron [see Figure 8]. 


When the receiving antenna was oriented in the vertical 
direction with the transmitting antenna remaining 
oriented in the horizontal direction, the main pulse was 
not distinctly discernible. Instead, what appears to be 
a highly distorted main pulse is observed. This result 
is most probably indicative of the effects of multipath, 
reflections, refraction and the fact that due to the 
actual physical geometry, a strict horizontal versus 
vertical alignment could not be achieved between the 
transmitting and the receiving antenna, resulting in some 
"leakage" of the main pulse in the vertical direction. 
When the LLNL modified LP antenna was used _ for 
transmission, the distortion was quite noticeable. When 
the TEM horn antenna was used for transmission, the 
distortion of the main pulse was not as pronounced. 


a 


8. 


The correlation between polarization and the discernment 
and shape of the main pulse captured is clearly seen when 
a comparison is made of those series of shots where both 
the vertical and horizontal component of the horizontally 
transmitted wave was recorded. 


When the elevation angle of the transmitting antenna was 
oriented at 45 degrees relative to the horizontal, what 
appears to be a distorted main pulse appears initially 
and both the horizontally and vertically received 
components of the transmitted wave were nearly identical 
in appearance. This observation was noted when both the 
modified LP antenna and the TEM horn antenna were used. 


Analysis of the energy versus time graphs show a pattern 
that is indicative of whether the main pulse is present 
or not. For the horizontally received component of the 
horizontally polarized wave, a distinct rise in energy is 


initially observed. For the vertically received 
component of the horizontally polarized wave, a gradual 
rise in the energy curve is_ observed. This is 


illustrative of the fact that instead of a main pulse 
being captured, the effects of multipath and reflections 
are observed. For the case when the transmitting antenna 
is elevated by 45 degrees relative to the horizontal, the 
energy versus time graph shows a pattern that is a 
mixture of both the horizontal and the vertical case. 


Analysis of the power spectral density graphs for the 
various collect times (i.e. record lengths) resulted in 
the following observations: 


a. 500 ns collect time - virtually all the energy is 


contained in the frequency range from 0 MHz to 100 MHz. 


b. 100 ns collect time - virtually all the energy is 


contained in the frequency range from O MHz to 600 MHz. 


c. 50 ns collect time - virtually all the energy is 


contained in the frequency range from 0 MHz to 1.1 GHz. 


oie 


The observations noted in sub-paragraph 8 above is 
perhaps due to the fact that for the longer collect 
times,more of the energy is proportionately contained in 
the lower frequencies. As a result, the high frequency 
energy content is low in proportion to the more abundant 
low frequency energy content. It is important to stress, 
however, that for all three collect times, the main pulse 
is present. Energy at frequencies up to 1 GHz and beyond 
are present in the main pulse. Therefore, to adequately 


capture the signal, hardware bandwiths of at least 1 GHz 
are required. 


10. Correlation of received signal strength to the 
azimuthal direction of the receiving site relative 
to the transmitting antenna resulted in the 
following observations: 


a. The received signal strength dropped off as the 
receiving site moved off center relative to the transmitting 
antenna location. This was observed in both cases in which 
the TEM Horn antenna and the LLNL modified Log Periodic 
antenna was used. 


Jove A comparisor of waveforms NTS15M01.WFM, 
NTS15HO1.WFM and NTS15A01.WFM shows that the signal strength 
dropped off as the receiving site moved off center relative 
to the transmitting antenna location. These waveforms were 
collected for the case in which the LLNL Log Periodic 
antenna was used. It is interesting to note that the 
received signal strengths of waveform NTS15M01.WFM and 
NTS15HO1.WFM indicate good symmetry in the radiation pattern 
of the LP antenna. Waveform NTS15M01.WFM was captured at a 
bearing of 24 degrees left of center and waveform 
NTS15HO1.WFM was captured at a bearing of 25 degrees right 
of center. 


Cc; A comparison of waveforms NTS13L01.WFM, 
NTS16G01.WFM, NTS13V01.WFM, NTS13Z01.WFM and NTS13A01.WFM 
shows that the signal strength drops off as the receiving 
site moved off center relative to the transmitting antenna 
location. The waveforms were collected for the case in 
which the TEM horn antenna was used for transmission. 


dad. In the above noted observations, caution must be 


used, however, in the evaluation of the data. The 
attenuation settings were varied throughout the entire 
experiment. The settings and subsequent changes were not 


well documented. As a result, the amplitude of the received 
Signal could also be a function of the attenuation setting 
in use at that particular moment. 


11. The "ringing effect" observed after the main pulse 
is most probably due to transients induced in the 
circuitry of the transmitting system due to the high 
energy pulse. The excitation of the transmitting 
system by the high energy pulse generated low 
frequency transient currents. These “low frequency 
components" are subsequently observed trailing the 
main pulse. 
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Figure 2 Waveform NTS15A01.WFM - Directory 5-8-90 
Transmitting Antenna - LLNL Log Periodic 
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Figure 3 Waveform NTS15H0O1.WFM - Directory 5-8-90 
Transmitting Antenna - LLNL Log Periodic 
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Figure 4 Waveform NTS13A01.WFM - Directory 5-7-90 
Transmitting Antenna - TEM Horn 
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Figure 5 Waveform NTS13V01.WFM - Directory 5-7-90 
Transmitting Antenna - TEM Horn 
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Figure 6 NBS Technical Note 1008, fig. 9, p. 14. [Ref. 3} 
Test Response from TEM Horn Antenna. 





| 
we 
Go 
> 
@ 
x 
ll 


co 48 
Time (ns) 


Figure 7 LLNL Technical Note 2-1-90, fig. 7, p. 7. [{Ref. 2] 
Test Response from modified Log Periodic Antenna. 
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Figure 8 Febetron Output Pulse into Dummy Load 
Risetime = 1.0 nanosecond (ns) 
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III. EXPERIMENT SETUP AND TEST PROCEDURES 


The site chosen for the experiment was the former MX Race 
Track located in Area 25 at the Nevada Test Site (see 
Figure 9, Figure 10 and Figure 11). The radio frequency (rf) 
transmitter site was located near the southwest tip of the 
racetrack. Ground-based receiving equipment was positioned at 
several locations in a quadrant north and east of the 
transmitter site, generally within two (2) kilometers of the 
transmitter site (see Figure 11).[{Ref. l:p. 1} 

The source antennas used for transmission were situated as 
shown in Figure 12. To determine the relative orientation of 
each receiver to the source antenna, a correction factor had 
to be applied. The geometry used for those calculations is 
shown in Figure 13. The site locations of each organization 
participating in the data collection was surveyed and adjusted 
relative to Figure 13. The corresponding data for both NPS 
Sites are shown in Figure 14. Additionally, the locations of 
near and far objects in the general area were also 
surveyed.[Ref. 4] 

Ideally, measurements would need to be taken at various 
locations around the source antenna covering a full 360 
degrees. This would allow for data collection and signal 
measurement information in all directions to determine 


propagation characteristics along the mainlobe, sidelobes and 
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backlobe. As the location of the receiver sites remained 
stationary and were not allowed to move, the source antennas 
were rotated in place to simulate the receivers being moved 
around the periphery of the source antennas. This resulted in 
an absolute bearing with respect to the surveying reference 
point (shown in Figure 13) and the location of the receiver. 
To obtain a relative orientation, a correction factor had to 
be applied based on the specific geometry of the source 
antenna with the receiver site. For the two NPS sites, the 
geometry is shown in Figure 19 - Figure 22. The resulting 
calculations showing the absolute (true bearing) and the 


relative bearings are shown below in Table I and Table II. 


Table I CASE 2 - RELATIVE ORIENTATION OF NPS RECEIVING 
SITE # 2 TO LLNL MODIFIED LOG PERIODIC ANTENNA 


TRUE BEARING ¢ | RELATIVE BEARING & 


0 degrees 304.2 degrees 
32 degrees 304.2 degrees ) 
153 degrees 183.2 degrees 











293 degrees 43.2 degrees 


311 degrees 25.2 degrees 
324 degrees 12.2 degrees 





The measurement set-up used by the Naval Postgraduate 


School is shown in Figure 23. The procedure used to capture 
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Table II CASE 2 - RELATIVE ORIENTATION OF NPS RECEIVING 
SITE #2 TO TEM HORN TRANSMITTING ANTENNA 










TRUE BEARING ¢ | RELATIVE BEARING & 
325.5 degrees 






32 degrees 293.5 degrees 


-0.48 degrees 


326 degrees 


the transmitted pulses was as follows: 


i 


An L-band TEM horn antenna was used as a "trigger". 
This horn antenna was used to detect when the pulsed 
transmissions arrived. Upon receiving the first pulse, 
the horn triggered the oscilloscope to begin receiving 
the signal from the second TEM horn antenna. 


The second horn antenna was used in the reception and 
collection of the transmitted pulsed signal. This 
antenna was oriented to collected either the vertically 
polarized or the horizontally polarized component of 
the transmitted pulsed signal. 


The TEK 7104 Oscilloscope displayed the received signal 
pulse and was adjusted/calibrated to allow the TEK 
digital camera system to obtain a good digitized sample 
of the analog waveform appearing on the oscilloscope. 


The TEK Digital Camera System (DCS) digitized the analog 
waveform displayed on the oscilloscope. It is important 
to point out that the DCS system digitized strictly what 
it "saw" displayed on the oscilloscope. There was no 
sampling done on the received pulse since the output from 
the TEM horn antenna was fed directly into the TEK 7104 
oscilloscope. Furthermore, there was no storage of the 
received analog signal other than the digitized sample 
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taken. In other words, once the snapshot in time had 
occurred, there was no way to redigitize the signal by 
"calling it up again". 

5. A hard copy photo was simultaneously taken at the same 
time the digitized sample of the analog waveform was 
taken. 

To account for the time delay occurring between the time 
the L-band antenna triggered the oscilloscope and the time the 
analog signal was digitally captured, a shorter cable was used 
to connect the TEM horn antenna oriented to capture a specific 
polarization to the oscilloscope so the signal would arrive at 
the oscilloscope in time to be completely captured. 
Furthermore, the time base on the oscilloscope was adjusted 
when a close-up of the transmitted signal was to be seen. 
Specifically, if the front part of the transmitted signal seen 
on the oscilloscope was to be captured and digitized, the time 
base was changed from 50 ns to 10 ns. This had the effect of 
displaying a time duration of the first 100 ns of the signal 
versus 500 ns on the oscilloscope (i.e 10 ns/div * 10 div = 
100 ns. Similarly, 50 ns/div * 10 div = 500 ns window). As 
a result, in the series of shots taken and analyzed in chapter 
4, it is important to point out that whether the time duration 
was 50 ns, 100 ns or 500 ns, the Signal was the same. What 
changed was how much of the signal was displayed. When the 
objective was to capture the actual pulse minus’ the 
reflections and multipath effects, the short time duration 


collect times were used (i.e. 50 ns and 100 ns windows). The 
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different time scales do not imply pulses that were either 100 
ns long or 500 ns long. All pulses generated maintained 
consistent waveform characteristics. The Febetron had good 
repeatability, producing short time duration signals with 


constant pulse widths and pulse shapes. 
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Surveyed Site Locat 
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Figure 19 Project Evergreen - CASE 1 and CASE 2 
Relative Orientation of NPS Site to Source Antennas 
Surveying Corrections for Receiver Sites 


Table III SURVEYING CORRECTIONS FOR RECEIVER SITES 


ANTENNAS | a@ (degrees) | I (meters) X (meters) Y (meters) 
#1, vem | 38.3804 | 253.459 | 157.399 | 198.663 


#2, LP- 35% 79383 254.453 148.820 206.395 
PULSED 


LP-CW 34.0808 we} 137.627 203.420 
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Figure 20 Project Evergreen - CASE 2 
Surveying Site Correction for NPS Receiving Site 2 
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Figure 21 Project Evergreen - CASE 2 
Relative Orientation of NPS Site 2 to TEM Horn Antenna 
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Figure 22 Project Evergreen - CASE 2 
Relative Orientation of NPS Site 2 to LLNL LP Antenna 
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Figure 23 Project EVERGREEN 
Naval Postgraduate School Test Site Experimental Setup 
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IV. DATA ANALYS8I8 


A. ANALYSI8 METHODOLOGY 

In analyzing the digitized waveforms, I went through a 
series of steps to obtain the power spectral density (PSD) of 
each waveform analyzed. To compute the PSD, I used MATLAB. 
MATLAB is a computer software program developed by The 
MathWorks, Inc. MATLAB is based on vector mathematics and is 
ideally suited for signals analysis. The analysis proceeded 


in the following manner: 


1. Step 1 - The Tektronix Digitizing Camera System (DCS) 
upon digitizing the analog waveform displayed on the 
oscilloscope introduced a false DC level. A combination 
of the oscilloscope calibration setup procedures and the 
DCS operating system, this induced DC level led to a 
portion of the energy appearing at zero frequency (i.e. 
a DC term). A well established fact in electromagnetic 
theory is that a signal must be time varying in order to 
propagate and likewise a direct current signal cannot 
propagate. To correct for this anomaly induced during 
the digitizing process, I subtracted the DC level from 
the digitized signal prior to computing the power 
spectral density and the power and energy waveforms. The 
associated ASCII data file for the digitized waveform was 
Saved and edited. This ASCII data file contained the 
text header and the sampled data point values. This file 
was broken up into two files: one containing only the 
text header information and the second containing only 
the sampled data point values. This was necessary since 
the MATLAB program used to compute the PSD will only 
accept data files (i.e files containing numbers). 


2. Step 2 - I then computed the power waveform in the time 
domain by squaring the voltage versus time waveform. 


3. Step 3 - The next waveform generated was the energy 
output as a function of time. This waveform was 
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generated by integrating the power versus time waveform 
obtained in step 2. 


4. Step 4 - Using MATLAB, I then computed the power spectral 
density of the waveform. This was accomplished by 
importing the ASCII data file containing the sampled data 
points for the signal into MATLAB and running the program 
I wrote to compute the PSD of the signal. A copy of the 
program is included in Appendices A - F. 

5. Step 5 - Upon completing the PSD calculations, I printed 
the outputs before proceeding to the next digitized 
waveform and repeating the procedure. 

6. Two programs were used in accomplishing the above 
analysis. The DCS program and the associated directories 
containing the files of the digitized waveforms were used 
in printing out the voltage versus time, power versus 
time and energy versus time waveforms. The MATLAB 
program was used to compute the energy versus time 
waveform, power versus time waveform and PSD of the 
digitized waveforms. 

Initially, when I computed the PSD of each waveforn, I 
produced four outputs, each successive output a zoomed in 
version of the previous graph. This was done to show greater 
detail when analyzing the PSD to determine at what frequencies 
the energy resided. Additionally, I produced four additional 
plots of the same PSD output on a semilog scale. This was 
done to provide greater detail at the lower power levels. For 
the sake of brevity and not overburdening the reader with 
information, I have included all plots and graphical output 
used in analyzing the Evergreen data in the addendum to this 
report. For illustrative purposes, however, I have included 


a complete set of graphical output illustrating the above 


stated procedures in Figure 24 through Figure 45. 
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Figure 24 Waveform NTS15A01.WFM - Directory 5-8-90 
LLNL Log Periodic Antenna - DC Level = +6.48 mV 
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Figure 25 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power versus Time Graph - DC Level = + 6.48 mV 
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Figure 26 Waveform NTS15A01.WFM - LLNL Log Periodic 
Energy versus Time Graph - DC Level = + 6.48 mV 
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Figure 27 Waveform NTS15A01.WFM - Power Spectral Density 
Frequency Range = 0 Hz to Fs (Sampling Frequency) 

Spectra at 5 GHz is mirror image of spectra at O Hz which 
is an artifact induced by the periodicity of Fs at 5 GHz 


(Volt so 2) 


Ww 
0 
2) 
ra 
a 
a 
2 
{ 


15 
FREQUENCY (Hertz) 





Figure 28 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - DC Level = + 6.48 mV 
Frequency Range = 0O Hz to Fs/2 
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Figure 29 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - DC Level = + 6.48 mV 
Frequency Range = 0O Hz to Fs/4 
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Figure 30 Waveform NTS15A01.WFM <- LLNL Log Periodic 
Power Spectral Density - DC Level = + 6.48 mV 
Frequency Range = 0 Hz to Fs/8 


40 


AMPLITUDE (Voits*2) 


FREQUENCY (Hertz) 





Figure 31 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - DC Level = + 6.48 mV 
Semilog (Y-axis), Log (X-axis) plot 
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Figure 32 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - DC Level = + 6.48 mv 
Semilog (Y-axis), Log (X-axis) plot 
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Figure 33 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - DC Level = + 6.48 mV 
Semilog (Y-axis), Log (X-axis) plot 
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Figure 34 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - DC Level = + 6.48 mV 
Semilog (Y-axis), Log (X-axis) plot 
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Figure 35 Waveform NTS15A01.WFM - Directory 5-8-90 
LLNL Log Periodic Antenna - DC Offset = - 6.48 mV 
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Figure 36 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power versus Time Graph - DC Offset = - 6.48 mV 
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Figure 37 Waveform NTS15A01.WFM - LLNL Log Periodic 
Energy versus Time Graph - DC Offset = - 6.48 mV 
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Figure 38 Waveform NTS15A01.WFM - LLNL Log Periodic 
Frequency Range = 0 Hz to Fs (Sampling Frequency) 

Spectra at 5 GHz is mirror image of spectra at 0 Hz which 
is an artifact induced by the periodicity of Fs at 5 GHz 
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Figure 39 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - DC Offset = - 6.48 mV 
Frequency Range = 0O Hz to Fs/2 
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Figure 40 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - Dc Offset = - 6.48 mV 
Frequency Range = 0O Hz to Fs/4 
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Figure 41 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - DC Offset = - 6.48 mV 
Frequency Range = 0O Hz to Fs/8 
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Figure 42 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - DC Offset = - 6.48 mV 
Semilog (Y-axis), Log (X-axis) plot 
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Figure 43 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - DC Offset = - 6.48 mV 
Semllog (Y-axis), Log (X-axis) plot 
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Figure 44 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - DC Offset = - 6.48 mV 
Semilog (Y-axis), Log (X-axis) plot 
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Figure 45 Waveform NTS15A01.WFM - LLNL Log Periodic 
Power Spectral Density - DC Offset = - 6.48 mV 
Semilog (Y-axis), Log (X-axis) plot 
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B. BACKGROUND THEORY 
The power spectral density (PSD) of the digitized signals 


was computed using the following formula: 


it 


See xX (1c) 1° 1 
we HX 1X (4) | (1) 
where: 

S, = Power Spectral Density (PSD) 

N = Number of sampled data points 

X(k) = magnitude of Fast Fourier Transform (FFT) of data 
point 


In computing the power spectral density of each digitized 
waveform, no sort of "signal processing" was done to "clean 
up" the signal. Specifically, no averaging of the sampled 
data points was done to minimize the effects of noise. In 
addition, no form of windowing, time smoothing or frequency 
smoothing was performed on the PSD obtained. The reason for 
not performing these signal processing operations was that 
"information" was not modulated (i.e. contained) in the signal 
and therefore, extracting a "clean signal" was not necessarily 
the objective. Performing any of the above mentioned 
procedures would distort the parameters being analyzed in the 
Signal actually received and prove counterproductive for the 
purposes of this analysis. 

In the course of the analysis, an objective was to 
determine the minimum bandwidth (i.e containing 90 - 95 % of 
the energy) of the various pulsed signals. This was necessary 


in order to determine the minimum bandwidth requirements of 
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the collection equipment in order to adequately capture and 
digitize the signal. To address this issue, three different 


bandwidths must be considered: 


1. Signal bandwidth - different signals and forms of 
modulation will require different minimum bandwidths. 
There is no simple formula for determining this minimun. 
Basic fourier theory, however, states that the shorter 
the signal duration in time, the wider the required 
bandwidth in the frequency domain. Given the time 
duration of the pulsed signals transmitted, it was known 
beforehand that each individual pulse contained frequency 
bandwidths on the order of 1 GHZ or greater. 


2. Tektronix 7104 oscilloscope bandwidth - by design, the 
TEK 7104 has a relatively flat frequency response from 
zero to one (1) GHz. Signals with bandwidths up to 1 GHz 
can be processed and captured with minimal attenuation or 
distortion. Frequencies beyond 1 GHz are severely 
attenuated due to the 3 dB roll-off of the oscilloscope 
filter. Given the frequency bandwidth of the TEK 7104 
oscilloscope, the analog waveform of the pulsed signals 
transmitted was adequately captured and displayed with 
minimal distortion or loss of high frequency components. 


3. Nyquist bandwidth - signal sampling theory dictates the 
maximum frequency that can be resolved in a digitized 
waveform is determined by the Nyquist criteria. The 
Nyquist criteria states the maximum resolvable frequency 
is equal to half the sampling frequency. This is stated 
mathematically as: 


ho22h (2) 
where: 
f, = Nyquist sampling frequency 
f, = maximum resolvable frequency. This is 


equivalent to maximum bandwidth if a baseband signal is 
considered (1.e one whose frequency spectrum start at 
zero frequency). 


The following terms, used in analyzing the data, are 


defined (Ref. 5): 
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Record length (or equivalently, collect time) - this is 
equivalent to time duration of the digitized signal. It 
is expressed mathematically as: 


T,=NT, (3) 
where: 
T, = record length 
N = number of sampled data points 
T, = sampling time interval 
Sampling time interval (T, ) - time between successive 


sampled data points. 


Sampling frequency - this is equivalent to the Nyquist 
sampling frequency f, and is equal to the inverse of the 
sampling time interval. It is expressed mathematically 
as: 


Lo (4) 


Frequency resolution - the frequency resolution 
determines the closest spacing between adjacent 
frequencies that can be resolved by the discrete fourier 
transform (DFT). If a signal contains frequency 
components spaced closer than the frequency resolution, 
they will not be represented as separate and distinct 
frequencies. The frequency resolution is expressed 
Mathematically as: 


ATs 1 - i 
Neel 





(5) 


Si 


C. ANALYSIS OF INDIVIDUAL WAVEFORMS 

The graphs of the digitized waveforms, the power versus 
time graphs, the energy versus time graphs and the calculated 
power spectral density graphs are included in the addendum to 
this report. The associated observations for each waveform 
analyzed are provided in the following subsections. 

A concise list of the digitized waveforms that were 


analyzed are listed in Table IV through Table VIII. 
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a ble SV pT RECTORI RS 5 = 1-907" 5=2=9074.5=3=90 "AND 5-45-90 
rr 


WAVEFORM POLARIZATION | ELEVATION ANGLE XMIT ANTENNA 
FEB/LP 2 
FEB/TEM ? 
FEB/TEM ? 













FEB/TEM ? 

FEBETRON /_LP 
FEBETRON / LP 
FEBETRON / LP 
| wrsosso1.wrm | Horzzowra, | 0/0 DEGREES | UK PULSER/ LF 


NTSO9K0O1.WFM HORIZONTAL 0/0 DEGREES UKePUESERY™ BPs) 


NTS12J01.WFM HORIZONTAL 311/45 DEGREES FEB) TEM 
NTS12K01.WFM VERTICAL 311/45 DEGREES FEB / TEM 
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Table V DIRECTORY 5-7-90 
ES a 


DIGITIZED RECEIVED TRUE BEARING / TRANSMITTER / 
WAVEFORM POLARIZATION | ELEVATION ANGLE XMIT ANTENNA 


NTS13D01.WFM HORIZONTAL 
NTS13B01.WFM 
NTS13CO1.WFI 
NTS13D01.WFM 
NTS13F01.WFM HORIZONTAL 
NTS13F01.WFM HORIZONTAL 
NTS13G01.WFM 
NTS13HOL.WFM | VERTICAL | 153/45 DEGREES | FEB / TEM _ 
NTS13101.WFM 
NTS13J01.WFM 
NTS13001.WFM 
NTS13L01.WFN 
NTS13M01.WFM | HORIZONTAL 
NTS13NO1.WFM 
NTS13001.WFI 
NTS13P01.WFM 
NTS130Q01.WFM FEB / TEM 

FEB / TEM 

FEB / TEM 

FEB / TEM 

FEB / TEM 

/ 
/ 
/ 





NTS13V01.WFM HORIZONTAL | 324/0 DEGREES FEB TEM 
NTS13W01.WFM VERTICAL 324/0 DEGREES FEB TEM 
NTS13X01.WFM VERTICAL _ 311/0 DEGREES FEB TEM 
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Table VI DIRECTORY 5-7-90 


DIGITIZED RECEIVED TRUE BEARING / TRANSMITTER / 
WAVEFORM POLARIZATION | ELEVATION ANGLE ZMIT ANTENNA 











NTS13Y01.WFM VERTICAL 311/0 DEGREES FEB / TEM 
j NTS13Z01.WFM HORIZONTAL 311/0 DEGREES FEB / ‘Tom : 
NTS14A01.WFM HORIZONTAL 311/0 DEGREES FEB / TEM 


NTS14B01.WFM HORIZONTAL 311/0 DEGREES FEB / TEM 


NTS14C01.WFM VERTICAL 311/0 DEGREES FEB / TEM 
NTS14D01.WFM 45 DEG ANGLE 311/0 DEGREES FEB / TEM 
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Table VII DIRECTORY 5-8-90 


————————————_— 
TRANSMITTER / 


DIGITIZED TRUE BEARING / 

WAVEFORM POLARIZATION | ELEVATION ANGLE | XMIT ANTENNA 

NTS15A01.WFM FEBETRON / LP | 
NTS15801.WFM FEBETRON / LP 
NTS15CO1.WFM FEBETRON / LP 
NTS15D01.WFM FEBETRON / LP 
NTS15I01.WFM VERTICAL FEBETRON / LP 
NTS15F01.WFM MISFIRE Te: 
NTS15G01.WFM FEBETRON / LP 
NTS15HO1.WFM FEBETRON / LP 
NTS15I01.WFM FEBETRON / LP 
NTS15J01.WFM FEBETRON / LP 
nrsispor.wrm | oMIsrIRE | 
NTS15L01.WFM FEBETRON / LP 
NTS15M01.WFM FEBETRON / LP 
NTS15P01.WFM FEBETRON / LP 
NTS15001.WFM FEBETRON / LP 
NTS15P01.WFM FEBETRON / LP 
NTS15Q01.WFN 
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Table VIII DIRECTORY 5-8-90 
— —— : 


WAVEFORM POLARIZATION ELEVATION ANGLE XMIT ANTENNA 
FEB / TEM 
res / vem _| 
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1. Directory 5-1-90 
The following waveforms were captured and digitized on 
1 May, 1990. 


a. Waveform NTSO4B01.WFM 


1. Transmitting antenna used - TEM horn ( ? ). 

2. Transmitter used - Febetron ( ? ). 

3. Elevation angle ( Source ) = 0 degrees ( ? ). 

4. Polarization transmitted - Horizontal ( ? ). 

5. Polarization captured - Horizontal ( ? ). 

6. NOTE - Parameters 1 - 5 were not annotated in the 
log book. I am fairly certain that the parameters I listed 
are correct, however, based on the shape of the pulse and 
analysis of the waveforms in directories 5-7-90 and 5-8-90. 

7. Record length - 50 nanoseconds. 

8. Pulse clearly visible. 

9. Pulse shape resembles output from Febetron. 


10. Pulse duration - approximately 5 nanoseconds. 


11. Energy versus time graph shows an immediate, 
distinct rise in energy indicative of a main pulse. 


12. PSD graph shows 98 % of the energy is contained 
in the frequency range from 0 to 520 MHz. 


13. Energy extends out to 710 MHz. 
b. Waveform NTSO4E01.WFM 
1. Transmitting antenna used - LLNL modified log 
periodic ( ? ). 
2. Transmitter used - Febetron ( ? ). 


3. Elevation angle ( Source ) = 0 degrees ( ? ). 
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4. Polarization transmitted - Horizontal ( ? ). 

5. Polarization captured - Horizontal ( ? ). 

6. NOTE - Parameters 1 - 5 were not annotated in the 
log book. I am fairly certain that the parameters I listed 
are correct, however, based on the shape of the pulse and 
analysis of the waveforms in directories 5-7-90 and 5-8-90. 

7. Record length - 50 nanoseconds. 


8. Pulse clearly visible. 


9. Pulse shape resembles output from the LLNL 
modified log periodic antenna. 


10. Pulse duration - approximately 9 nanoseconds. 


a bp a Energy versus time graph shows an immediate, 
distinct rise in energy indicative of a main pulse. 


12. PSD graph shows 97 % of the energy is contained 
in the frequency range from 0 to 1 GHz. 


13. Energy extends out to 1.7 GHZ. 
c. Waveform NTS04J01 .WFM 


1. Transmitting antenna used - TEM horn ( ? ). 

2. Transmitter used - Febetron ( ? ). 

3. Elevation angle ( Source ) = 0 degrees ( ? ). 

4. Polarization transmitted - Horizontal ( ? ). 

5. Polarization captured - Horizontal ( ? ). 

6. NOTE - Parameters 1 - 5 were not annotated in the 
log book. I am fairly certain that the parameters I listed 
are correct, however, based on the shape of the pulse and 
analysis of the waveforms in directories 5-7-90 and 5-8-90. 

7. Record length - 50 nanoseconds. 


8. Pulse clearly visible. 


9. Pulse shape resembles output from Febetron. 
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10. Pulse duration - approximately 3 nanoseconds. 


11. Energy versus time graph shows an immediate, 
distinct rise in energy indicative of a main pulse. 


12. PSD graph shows 98 % of the energy is contained 
in the frequency range from 0 to 1 GHz. 


13. Energy extends out to 1.3 GHz. 


d. Waveform NTSO4K01.WFM 


1. Transmitting antenna used —- TEM horn ( ? ). 

2. Transmitter used - Febetron ( ? ). 

3. Elevation angle ( Source ) = O degrees ( ? ). 

4. Polarization transmitted - Horizontal ( ? ). 

5. Polarization captured - Horizontal ( ? ). 

6. NOTE - Parameters 1 - 5 were not annotated in the 
log book. I am fairly certain that the parameters I listed 
are correct, however, based on the shape of the pulse and 
analysis of the waveforms in directories 5-7-90 and 5-8-90. 

7. Record length - 50 nanoseconds. 

8. Pulse clearly visible. 

9. Pulse shape resembles output from Febetron. 


10. Pulse duration - approximately 7 nanoseconds. 


11. Energy versus time graph shows an immediate, 
distinct rise in energy indicative of a main pulse. 


12. PSD graph shows 98 % of the energy is contained 
in the frequency range from 0 to 1 GHz. 


13. Energy extends out to 1.8 GHz. 


60 


e. Waveform NTSO4L01.WFM 


1. Transmitting antenna used - TEM horn ( ? ). 

2. Transmitter used - Febetron ( ? ). 

3. Elevation angle ( Source ) = 0 degrees ( ? ). 

4. Polarization transmitted - Horizontal ( ? ). 

5. Polarization captured - Horizontal ( ? ). 

6. NOTE - Parameters 1 - 5 were not annotated in the 
log book. I am fairly certain that the parameters I listed 
are correct, however, based on the shape of the pulse and 
analysis of the waveforms in directories 5-7-90 and 5-8-90. 

7. Record length - 50 nanoseconds. 

8. Pulse clearly visible. 

9. Pulse shape resembles output from Febetron. 


10. Pulse duration - approximately 8 nanoseconds. 


ss Energy versus time graph shows an immediate, 
distinct rise in energy indicative of a main pulse. 


12. PSD graph shows 98 % of the energy is contained 
in the frequency range from 0 to 1 GHz. 


13. Energy extends out to 1.3 GHz. 


2. Directory 5-2-90 
The following waveforms were captured and digitized on 
2 May, 1990. 
a. Waveform NTSO6001 .WFM 
1. Transmitting antenna used - LLNL modified log 
periodic. 
2. Transmitter used - Febetron. 


3. Elevation angle ( Source ) = 45 degrees. 
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4. Polarization transmitted - Horizontal. 
5. Polarization captured - Horizontal. 

6. Record length - 50 nanoseconds. 

7. Pulse clearly visible. 


8. Pulse shape resembles output from the LLNL 
modified log periodic antenna. 


9. Pulse duration - approximately 12 nanoseconds. 


10. Energy versus time graph shows an immediate, 
distinct rise in energy indicative of a main pulse. 


11. PSD graph shows 95 % of the energy is contained 
in the frequency range from 0 to 500 MHz. 


12. Energy extends out to 1.5 GHz. 
b. Waveform NTSO7A01 .WFM 

1. Transmitting antenna used - LLNL modified log 

periodic. 

2. Transmitter used - Febetron. 

3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 50 nanoseconds. 

7. Pulse clearly visible. 


8. Pulse shape resembles output from the LLNL 
modified log periodic antenna. 


9. Pulse duration - approximately 12 nanoseconds. 


10. Energy versus time graph shows an immediate, 
distinct rise in energy indicative of a main pulse. 


11. PSD graph shows 99 % of the energy is contained 
in the frequency range from 0 to 500 MHz. 
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12. Energy extends out to 700 MHz. 


c. Waveform NTSO7BO1.WFM 


1. Transmitting antenna used - LLNL modified log 
periodic. 

2. Transmitter used - Febetron. 

3. Elevation angle ( Source ) = 0O degrees. 

4. Polarization transmitted - Horizontal. 


5. Polarization captured - Horizontal. 
6. Record length - 50 nanoseconds. 
7. Pulse clearly visible. 


8. Pulse shape resembles output from the LLNL 
modified log periodic antenna. 


9. Pulse duration - approximately 12 nanoseconds. 


£0’. Energy versus time graph shows an immediate, 
distinct rise in energy indicative of a main pulse. 


nies To PSD graph shows over 99 % of the energy is 
contained in the frequency range from 0 to 600 MHz. 
3. Directory 5-3-90 
The following waveforms were captured and digitized on 
3 May, 1990. 
a. Waveform NTSO9J01.WFM 
1. Transmitting antenna used - LLNL modified log 
periodic. 
2. Transmitter used - UK pulser. 
3. Elevation angle ( Source ) = 0 degrees. 


4. Polarization transmitted - Horizontal. 
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5. Polarization captured - Horizontal. 
6. Record length - 50 nanoseconds. 
7. Pulse clearly visible. 


8. Pulse shape resembles output from the LLNL 
modified log periodic antenna. 


9. Pulse duration - approximately 15 nanoseconds. 


10. Energy versus time graph shows an immediate, 
distinct rise in energy indicative of a main pulse. 


11. PSD graph shows 98 % of the energy is contained 
in the frequency range froin 0 to 600 MHz. 


12. Energy visibly extends out to 800 MHz. Residual 

energy extends out to 1.3 GHz. 
b. Waveform NTSO9KO1.WFM 

1. Transmitting antenna used - LLNL modified log 
periodic. 

2. Transmitter used - UK pulser. 

3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 50 nanoseconds. 

7. Pulse clearly visible. 


8. Pulse shape resembles output from the LLNL 
modified log periodic antenna. 


9. Pulse duration - approximately 15 nanoseconds. 


10. Energy versus time graph shows an immediate, 
distinct rise in energy indicative of a main pulse. 


11. PSD graph shows 92 % of the energy is contained 
in the frequency range from 0 to 500 MHz. 
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12. Energy visibly extends out to 2.5 GHz. 


4. Directory 5-4-90 
The following waveforms was captured and digitized on 
4 May, 1990. 


a. Waveform NTS12J01.WFM 


1. Transmitting antenna used was a TEM horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 100 nanoseconds. 

7. A "distorted" main pulse is visible. 

8. Pulse duration - approx. 20 nanoseconds. 

9. Pulse shape resembles output from Febetron. 

10. Energy versus time graph shows a gradual rise in 
energy. No distinct, immediate rise in energy indicative of 


a Main pulse is visible. 


a Is PSD graph shows that over 99 % of energy 
contained within the first 200 MHz. 


12. Residual energy extends out to 250 MHz. 


b. Waveform NTS12K01.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 
3. Elevation angle ( Source ) = 45 degrees. 


4. Polarization transmitted - Horizontal. 
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5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7. A "distorted" main pulse is visible. 

8. Pulse duration - approx. 20 nanoseconds. 

9. Pulse shape resembles output from Febetron. 

10. Energy versus time graph shows a gradual rise in 
energy. No distinct, immediate rise in energy indicative of 


a main pulse is visible. 


sea PSD graph shows that over 98 % of energy 
contained within the first 200 MHz. 


12. Energy extends out to 350 MHz. 


5. Directory 5-7-90 
The following waveforms were captured and digitized on 
7 May, 1990. 


a. Waveform NTS13A01.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 100 nanoseconds. 

7. Pulse visible. 

8. Pulse duration - approx. 49 nanoseconds. 

9. Pulse shape resembles output from Febetron. 


10. Energy versus time graph shows immediate rise of 
energy within first 47 - 48 nanoseconds. 
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5 De a PSD graph shows that over 90 # of energy 
contained within first 150 MHz. 


12. Energy extends noticeably to 230 MHz. Residual 
energy out to 380 MHz. 


b. Waveform NTS13B01.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Polarization captured - Horizontal. 

4. Record length - 100 nanoseconds. 


5. Pulse apparently appears visible within first 20 
- 30 nanoseconds. 


O. Subsequent analysis was not performed on this 
waveform. Captured waveform was a "bad shot". 


c. Waveform NTS13C0O1.WFM 


1. Transmitting antenna used was a TEM Horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7. Slightly distorted pulse visible. 

8. Pulse shape resembles output from Febetron. 

9. Pulse duration - approximately 51 nanoseconds. 


10. Energy versus time graph shows immediate build- 
up of energy within first 52 nanoseconds. 
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energy contained within first 150 MHz. 


5 i Oe PSD graph shows that approximately 90 % of 


energy contained within the band 150 MHz to 250 MHz. 


shot". 


pulse. 


steps 


d. Waveform NTS13D01.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Polarization captured - Vertical. 

4. Record length - 100 nanoseconds. 


5. No analysis was performed on this waveforn. 


e. Waveform NTS1I13E01.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0 degrees. 
4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 100 nanoseconds. 


7. Pulse visible. 


Approximately 8 % of 


"Bad 


8. Pulse duration - approximately 10 nanoseconds. 


9. Pulse shape resembles output from Febetron. 


10. A second pulse appears 1 nanosecond after first 
This could be a reflection due to impedance 
mismatching between the transmitter cable and the antenna. 


10. Energy versus time graph shows two distinct 
in energy build-up. Time wise, these two steps 
coincide with the two initial pulses mentioned in above. 
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11. PSD graph shows over 90 % of energy contained 
within the frequency range 200 MHz to 600 MHz. 


12. The fact that majority of energy shows up at 
frequencies greater than 150 MHz even though collect time is 


100 nanoseconds is most probably due to the very short pulse 
(ie. 10 nanoseconds) that was digitally captured. 


f. Waveform NTS13F01.WFM 


1. Transmitting antenna used was a TEM Horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 

4. Polarization transmitted - Linear "Horizontal". 

5. Polarization captured - Horizontal. 

6. Record length - 100 nanoseconds. 

7. Highly distorted pulse shape visible followed by 
what appears to be returns from multipath effects and 
reflections. 

8. Energy versus time graph shows a gradual build-up 
of energy over the entire collect time. There is no 
distinct sudden rise of energy indicative of a main pulse 
followed by smaller returns due to multipath and/or 
reflections as illustrated in NTS13A01 and NTS13C01. 

9. PSD graph shows that approximately 95 % of energy 
contained within first 100 MHz. 


g. Waveform NTS13G01.WFM 


1. Transmitting antenna used was a TEM horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 

4. Polarization transmitted - Linear "Horizontal". 


5. Polarization captured - Horizontal. 
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6. Record length - 100 nanoseconds. 

7. Two pulses visible. 

oe First pulse appears followed by second larger 
time duration pulse about 1 nanosecond later. This is 
probably indicative of the elevation angle used by the 
transmitting antenna. The geometry at the receiving antenna 
would be such that horizontal component would be received. 
Second pulse probably due to multipath and/or reflections. 

9. Energy versus time graph shows a gradual build-up 
of energy. No immediate rise indicative of a main pulse 
followed by multipath and reflections. 

10. PSD graph shows approximately 95 % of energy 
contained within 100 MHz to 400 MHz range. 

h. Waveform NTS13H0O1.WFM 


1. Transmitting antenna used was a TEM horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 

4. Polarization transmitted - Linear "Horizontal". 

5. Polarization captured - Vertical 

6. Record length - 100 nanoseconds. 

7. No pulse shape clearly visible. 

8. The outline of what appears to be a highly 
distorted pulse appears at first. This 1s probably 
indicative of the elevation angle used by the transmitting 
antenna resulting in the receiving antenna receiving the 
vertical component followed by reflections and multipath. 

9. Energy versus time graph shows a gradual build-up 
of the energy. No distinct, immediate rise in energy 


indicative of a main pulse. 


10. PSD graphs shows that approximately 95 % of 
energy contained within first 100 MHz. 


11. Energy extends out to 225 MHz. 
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1. Waveform NTS131I01.WFM 


1. Transmitting antenna used was a TEM horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 

4. Polarization transmitted - Linear "Horizontal". 

5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7. Pulse - what appears to be a highly distorted 
pulse shape is visible. Three (3) highly distorted pulse 
shapes appear to follow the main "pulse" at equal spacings 
of about 3 nanoseconds. This could be indicative of 
multipath effects and/or reflections due to impedance 
mismatching. 

8. Energy versus time graph shows a gradual buildup 
of the energy. Shape of energy curve appears to be a 
mixture of a steep rise indicative of a main pulse and a 
gradual rise indicative of multipath effects. 

9. PSD graph shows that approximately 90 % of the 
energy is contained in the first 200 MHz. The frequency 


range from 200 MHz to 550 MHz contains approximately 10 % of 
the energy. 


j. Waveform NTS13J01.WFM 


1. Transmitting antenna used was a TEM Horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 

4. Polarization transmitted - Linear "Horizontal". 
5. Polarization captured - Horizontal. 

6. Record length - 100 nanoseconds. 


7. No main pulse clearly discernible. 
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8. Two highly distorted pulses appear in the first 
40 nanoseconds. The second "pulse" follows the first by 
about 2 nanoseconds. This could be indicative of the 45 
degree elevation angle which would result in two components, 
one in the horizontal and one in the vertical direction. 
9. Energy versus time graph shows a distinct rise in 
energy. There is an intermediate rise in energy occurring 
at 31 nanoseconds. This coincides with the second observed 
"pulse". 
10. PSD graph shows that 99 % of energy contained in 
the frequency range from 100 MHz to 580 MHz. 
k. Waveform NTS13K01.WFM 


1. Transmitting antenna used was a TEM horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 

4. Polarization transmitted - Linear "Horizontal". 
5. Polarization captured - Horizontal. 


6. No analysis done on this waveform. Bad shot. 


1. Waveform NTS13L01.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0 degrees. 
4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 100 nanoseconds. 

7. No main pulse clearly discernible. 


8. What appears to be highly distorted main pulse 
visible in the first 15 nanoseconds. 
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9. Energy versus time graph shows a distinct rise in 
energy. An intermediate rise occurs at 15 nanoseconds. 
This appears to indicate the presence of two distinct 
pulses. 

10. PSD graph shows approximately 91 % of energy 


within first 160 MHz. Approximately 8 % of energy contained 
from 160 MHZ to 400 MHz. 


m. Waveform NTS13M01.WFM 


1. Transmitting antenna used was a TEM horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 500 nanoseconds. 

7. Pulse visible. 

8. Pulse duration - approximately 30 nanoseconds. 

9. Energy versus time graph shows a distinct rise in 
energy. A second gradual rise starts at about 160 
nanoseconds. This is most probably due to the large numbers 
of what appear to be multipath effects visible after the 
main pulse. 

10. PSD graph shows about 1 % of energy contained 


within first 20 MHz. Approximately 98 % of energy contained 
in the frequency range from 20 MHz to 160 MHz. 


h. Waveform NTS13N01.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 
3. Elevation angle ( Source ) = 0 degrees. 


4. Polarization transmitted - Horizontal. 
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5. Polarization captured - Vertical. 

6. Record length - 500 nanoseconds. 

7. Pulse visible. 

8. Pulse duration ~- approximately 30 nanoseconds. 

9. Energy versus time graph shows two distinct rises 
in energy followed by a gradual rise. This is indicative of 
two distinct pulses followed by reflections and/or multipath 
effects. 

10. NOTE - the anomaly of observing a main pulse 
when capturing the vertical component is probably due to the 
actual geometry of transmitting antenna and the receiving 
antenna and possibly diffractive effects due to objects in 
the path. Under ideal conditions, a perfectly horizontally 
polarized wave would have no component in the vertical 
direction that could be received and detected. 

11. PSD graph shows about 1 % of energy contained 


within first 20 MHz. Approximately 99 % of energy contained 
in the frequency range from 20 MHz to 140 MHz. 


Oo. Waveform NTS13001 .WFM 


1. Transmitting antenna used was a TEM horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0 degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7.  #Pulse visible. 

8. The pulse appears to be highly "stretched" out. 
This would seem to indicate the effects of multipath and 
reflections. Moreover, it could also indicate that the 


geometry was such that to the receiving antenna, a small 
component of the horizontally transmitted wave was captured. 
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9. Energy versus time graph shows a somewhat gradual 
but distinct rise in energy within first 45 nanoseconds. 
This coincides with the pulse visible in the digitally 
Captured signal. 

10, PSD graph shows approximately 9 % of energy 
contained within first 40 MHz. Approximately 89 % of energy 
contained in the frequency range form 40 MHz to 140 MHz. 


About 2 % of energy contained in the frequency range from 
140 MHz to 200 MHz. 


p. Waveform NTS13P01.WFM 


1. Transmitting antenna used was a Febetron. 

2. Transmitter used was a Febetron. 

3. Elevation angle = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7. No main pulse visible. 

8. What appears to be a highly distorted main pulse 
1s visible within first 25 nanoseconds. This is probably 
indicated of multipath effects and reflections. 

9. Unable to generate energy versus time graph. 

10. PSD graph shows approximately 98 % of energy 


contained within first 140 MHz. Energy extends out to about 
260 MHz. 


q.- Waveform NTS13Q01.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 
3. Elevation angle ( Source ) = 0O degrees. 


4. Polarization transmitted - Horizontal. 
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5. Polarization captured - Horizontal. 

6. Record length - 100 nanoseconds. 

7. Pulse not visible. 

8. No distinct main pulse visible. What may be a 
highly distorted main pulse is visible within first 45 
nanoseconds. 

9. Unable to generate energy versus time graph. 

LO: PSD graph shows approximately 7 % of energy 


within first 50 MHz. Approximately 92 % of energy contained 
in the frequency range from 50 MHz to 300 MHz. 


r. Waveform NTS13R0O1.WFM 


1. Transmitting antenna used was a TEM horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 500 nanoseconds. 

7. Pulse visible. 

8. A main pulse is visible followed some 10 
nanoseconds later by what appears to a second pulse. This 
could be indicative of an internal reflection due to 
impedance mismatching (i.e. similar to what was observed by 
aircraft - see notes in brown notebook ). 

9. Energy versus time graph shows two distinct rises 
in energy followed by a slow gradual increase. The curve of 
the energy graph is indicative of two pulses followed by 
multipath effects and/or reflections. 

10. PSD graph shows that approximately 96 % of 


energy is contained in the frequency range from 20 MHz to 
100 MHZ. Energy extends out to about 150 MHz. 
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s. Waveform NTS13S01.WFM 


1. Transmitting antenna used was a TEM horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 500 nanoseconds. 

7. No main pulse is visible. 

8. What appears to be a distorted "stretched out" 
Main pulse is visible within the first 130 nanoseconds. 
This is followed by what appears to be a second more 
distorted, highly elongated pulse. This could be indicative 
of multipath effects and reflections. 

9. Energy versus time graph shows a gradual increase 
in the energy. Two distinct rises are visible, however, 
indicative of two distinct pulses. 

10. PSD graph shows 100 % of energy contained within 
first 125 MHz. 

€. Waveform NTS13T01.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0 degrees. 
4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 500 nanoseconds. 

7. Pulse visible. 


8. Pulse duration - approx. 25 nanoseconds. 
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9. A main pulse is visible followed by a second, 
distorted pulse about 10 nanoseconds later. This is 
probably indicative of internal reflections due to impedance 
mismatching. 

10. This anomaly in observing a clean, distinct 
pulse in the vertically polarized plane is probably a result 
of an imperfect geometric set-up between the transmitting 
antenna and the receiving antenna. 

11. The energy versus time graph shows two distinct 
rises in energy followed by a gradual increase. This is 
indicative of two pulses followed by multipath and/or 
reflections. 

12. PSD graph shows approximately 99 % of energy 
contained in the frequency range from 20 MHz to 140 MHz. 

u. Waveform NTS13U01 .WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = O degrees. 
4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 500 nanoseconds. 

7. Pulse visible. 

8. Pulse duration - approx. 45 nanoseconds. 


9. Energy versus time graph shows a distinct rise in 
energy indicative of a main pulse. 


10. PSD graph shows approximately 99 % of energy 
contained within first 150 MHz. 


v. Waveform NTS13V01.WFM 


1. Transmitting antenna used was a TEM horn. 
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or: 


10. 


11. 


contained 


12. 


Transmitter used was a Febetron. 

Elevation angle ( Source ) = O degrees. 
Polarization transmitted - Horizontal. 
Polarization captured - Horizontal. 

Record length - 100 nanoseconds. 

Pulse visible. 

Pulse duration - approx. 21 nanoseconds. 
Pulse shape resembles output from Febetron. 
Unable to generate energy versus time graph. 


PSD graph shows that over 90% of energy of 


within first 300 MHz. 


Energy extends noticeably to 400 MHz. Residual 


energy out to 800 MHz. 


w. Waveform NTS13W01.WFM 


So. 


Transmitting antenna used was a TEM horn. 
Transmitter used was a Febetron. 
Elevation angle ( Source ) = O degrees. 
Polarization transmitted - Horizontal. 
Polarization captured - Vertical. 

Record length - 100 nanoseconds. 

Highly distorted main pulse visible. 


Highly distorted "main" pulse resembles output 


from Febetron. 


a 


10. 


Unable to generate energy versus time graph. 


PSD graph shows that over 95% of energy 


contained within first 300 MHz. 


11. 


Residual energy extends out to 1.2 GHz. 
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x. Waveform NTS13X01.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0O degrees. 
4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7. Highly distorted main pulse visible. 


8. Distorted "main" pulse resembles output from 
Febetron. 


9. Unable to generate energy versus time graph. 
10. PSD graph shows 99% of energy contained within 
the frequency range from O MHz to 300 MHz. 


y- Waveform NTS13Y01.WFM 


1. Transmitting antenna used was a TEM horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 500 nanoseconds. 

7. What appears as two distinct pulses shows up in 
the first 200 nanoseconds. The "first" pulse appears to be 
25 nanoseconds wide followed by the second pulse 15 
nanoseconds later. The "second" pulse is approximately 50 


nanoseconds wide. 


8. Energy versus time graph shows two distinct rises 
in energy indicative of two main pulses. The two distinct 
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energy rises coincide in time with the appearance of the 
"two pulses". 


9. 


PSD graph shows 98% of energy contained within 


the frequency range from O MHz to 135 MHZ. 


10. 


Residual energy extends out to 250 MHz. 


z. Waveform NTS13Z01.WFM 


10. 


il. 


Transmitting antenna used was a TEM horn. 
Transmitter used was a Febetron. 

Elevation angle ( Source ) = O degrees. 
Polarization transmitted - Horizontal. 
Polarization captured - Horizontal. 

Record length - 100 nanoseconds. 

A distorted main pulse is visible. 

Pulse duration - approximately 20 nanoseconds. 
Distorted pulse resembles output from Febetron. 
Unable to generate energy versus time graph. 


PSD graph shows that 98 % of energy contained 


in the frequency range from 0 MHz to 590 MHz. 


a2. 


Energy extends noticeably out to 820 MHz. 


Residual energy extends out to 1 GHZ. 


aa. 


Waveform NTS14A01 .WFM 


Transmitting antenna used was a TEM horn. 
Transmitter used was a Febetron. 
Elevation angle ( Source ) = O degrees. 


Polarization transmitted - Horizontal. 
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5. Polarization captured - Horizontal. 

6. Record length - 500 nanoseconds. 

7. What appears to be a highly distorted main pulse 
is visible initially. A “second” pulse is visible 


approximately 200 nanoseconds after the first. 


8. Pulse shape of distorted "main" pulse resembles 
output from Febetron. 


9. Energy versus time graph shows an immediate, 
distinct rise in energy indicative of a main pulse. A 
second distinct rise in energy is visible and coincides in 
time with the appearance of the "second" pulse. 


10. PSD graph shows that over 98 % of the energy is 
contained within the frequency range from 0 to 150 MHz. 


11. Residual energy extends out to 180 MHz. 


ab. Waveform NTS14B01.WFM 


1. Transmitting antenna used was a TEM horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 2000 nanoseconds. 

ae No distinct, discernible, "main" pulse is 
visible. This is probably due to the long collect time 
(1.e. 2000 nanoseconds) resulting in a loss of detail. The 
digitized waveform shows that what appears to be the main 
Signal appears within the first 300 nanoseconds. 

8. Energy versus time graph shows an immediate, 
distinct rise energy. This coincides in time and is 


indicative what appears to be the main signal. 


9. PSD graph shows that 98 % of energy contained 
within the frequency range from 0 MHz to 25 MHz. 
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TO. Energy extends noticeably out to 33 MHz. 
Residual energy extends out to 45 MHz. 


ac. Waveform NTS14C0O1 .WFM 


1. Transmitting antenna used was a TEM horn. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 2000 nanoseconds. 

7. No discernible, distinct, main pulse is visible. 
This is probably due to the long collect time resulting in 


a loss of detail. 


8. The digitized waveform shows that the "main" 
signal occurs within the first 300 nanoseconds. 


9. Energy versus time graph shows an immediate, 
distinct rise in energy. This coincides in time and is 
indicative of the "main" signal. 


10. PSD graph shows that 99 % of energy contained in 
the frequency range from O MHz to 60 MHz. 


11. Residual energy extends out to 80 MHz. 


ad. Waveform NTS14D01 .WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0 degrees. 
4. Polarization transmitted - Horizontal. 


5. Polarization captured - Receiving antenna was 
elevated 45 degrees relative to the horizontal. 
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6. Record length - 2000 nanoseconds. 

7. No distinct, discernible, main pulse is visible. 
This is probably due in part to the long collect time 
resulting in a loss of detail. Additionally, the relative 
orientation of the receiving antenna (i.e. elevated by 45 
degrees) further contributed to the lack of capturing the 
Main pulse. 

8. Energy versus time graph shows an immediate, 
Gistinct rise in energy. This is indicative that the 
"main" part of the signal occurs within the first 300 
nanoseconds. 


9. PSD graph shows that 99 % of energy contained 
within the frequency range from O MHz 60 MHz. 


10. Residual energy extends out to 80 MHz. 


6. Directory 5-8-90 
The following waveforms were captured and digitized on 
May, 1990. 
a. Waveform NTS15A01 .WFM 
die Transmitting antenna used was the Lawrence 
Livermore National Laboratories (LLNL) modified log 
periodic. 
2. Transmitter used was a Febetron. 
3. Elevation angle ( Source ) = 0 degrees. 
4. Polarization transmitted - Horizontal. 
5. Polarization captured - Horizontal. 
6. Record length - 100 nanoseconds. 
7. Pulse visible. 
8. Pulse duration - approximately 30 nanoseconds. 


9. Pulse shape resembles output from LLNL modified 
log periodic antenna versus output from Febetron. 
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10. Energy versus time graph shows immediate rise in 
energy. 


11. PSD graph shows approximately 10 % of the energy 
is contained within the first 100 MHz. The frequency range 
from 100 MHz to 500 MHz contains approximately 89 % of the 
energy. 


12. Residual energy extends out to 600 MHz. 


b. Waveform NTS15B01.WFM 


1. Transmitting antenna used was the LLNL modified 
log periodic. 


2. Transmitter used was the Febetron. 

3. Elevation angle ( Source ) = O degrees. 
4. Polarization transmitted - Horizontal. 
5. Polarization captured - Horizontal. 

6. Record length - 500 nanoseconds. 

7. Highly distorted main pulse visible. 


8. Distorted pulse resembles output from the LLNL 
modified log periodic antenna. 


9. Energy versus time graph does not show an 
immediate, distinct rise in energy. Instead, the energy 
curve exhibits a 45 degree "rise" slope. This is indicative 
that a "clean" main pulse was not visible, but rather a 
highly distorted main pulse. 

10. PSD graph shows that virtually all the energy is 
contained in the frequency range from 0 MHz to 110 MHz. 

c. Waveform NTS15C0O1 .WFM 

1. Transmitting antenna used was the LLNL modified 

log periodic. 


2. Transmitter used was a Febetron. 


3. Elevation angle ( Source ) = 0O degrees. 
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4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 500 nanoseconds. 

7. No distinct main pulse is visible. 

8. What appears to be a highly dispersed, distorted 
pulse is initially visible. This is most probably 
indicative of multipath effects and reflections. 

9. Energy versus time graph shows a gradual rise in 
the energy curve. The absence of a distinct, immediate rise 


in energy is indicative of no "main" pulse being captured. 


10. PSD graph shows 99 % of the energy is contained 
within the frequency range from 0 to 60 MHz. 


11. Residual energy extends out to 70 MHz. 


d. Waveform NTS15D01 .WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7. No pulse is clearly visible. 

8. What appears to be a highly distorted main pulse 
appears initially. This is possibly indicative of multipath 
effects and/or reflections from the horizontally polarized 
transmitted wave. 

9. Energy versus time graph shows a gradual build-up 


of energy. There is no immediate, distinct rise in energy 
indicative of a main pulse. 
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10. PSD graph shows approximately 85 % of the energy 
is contained within the frequency range from O to 100 MHz. 
The frequency range from 100 MHz to 400 MHz contains 
approximately 14 % of the energy. Residual energy extends 
out to 500 MHz. 

e. Waveform NTS15E01.WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7. No distinct main pulse is visible. 

8. What appears to be a highly distorted "main" 
pulse is visible initially. This is probably indicative of 
multipath effects and reflections. 

9. Energy versus time graph shows a gradual build-up 
of energy. No distinct, rise in energy is visible 


indicative of a main pulse. 


10. PSD graph shows approximately 98 % of the energy 
is contained within the frequency range from 0 to 400 MHz. 


11. Residual energy extends out to 500 MHz. 


f. Waveform NTS15FO1.WFM 


1. Transmitting antenna used was the LLNL modified 
log periodic. 


2. Transmitter used was a Febetron. 


Bi No further analysis was performed on this 
waveform. The digitized sample was a "misfire". 


87 


g. Waveform NTS15G0O1.WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0 degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 500 nanoseconds. 

7. No distinct main pulse is visible. 

8. What appears to be a highly distorted, dispersed 
pulse is visible initially. The absence of a clearly 
Giscernible main pulse is probably due to the long collect 
time resulting in a loss of fine detail. 

9. Energy versus time graph shows a gradual build-up 
of energy. No distinct, immediate rise in energy is visible 


indicative of a main pulse. 


10. PSD graph shows 99 % of the energy is contained 
in the frequency range from 0 to 60 MHz. 


11. Residual energy extends out to 90 MHz. 
h. Waveform NTS15HO1.WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 


6. Record length - 100 nanoseconds. 


7. Pulse visible. 
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8. Pulse duration - approx. 20 nanoseconds. 


9. Pulse shape resembles output from LLNL modified 
log periodic antenna. 


10. Energy versus time graph shows an immediate, 
distinct rise in energy indicative of a main pulse. 


Malte PSD graph shows over 99 % of the energy is 
contained within the frequency range from 0 to 500 MHz. 


12. Residual energy extends out to 800 MHz. 
i. Waveform NTS15I01.WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0 degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 100 nanoseconds. 

7. Highly distorted main pulse visible. 


8. Distorted pulse shape resembles output from the 
LLNL modified log periodic antenna. 


9. Energy versus time graph shows a gradual build-up 
of energy. No distinct, immediate rise in energy indicative 
of a main pulse is visible. 


10. PSD graph shows that 99 % of the energy is 
contained in the frequency range from 0 to 400 MHz. 
11. Residual energy extends out to 500 MHz. 


j- Waveform NTS15J01.WFM 


1. Transmitting antenna used was the LLNL modified 
log periodic. 
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2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0 degrees. 
4. Polarization transmitted - Horizontal. 
5. Polarization captured - Horizontal. 

6. Record length - 100 nanoseconds. 


7. What appears to be a distorted main pulse is 
visible. 


8. Energy versus time graph shows a gradual build-up 
of energy. No distinct, immediate rise in energy indicative 
of a main pulse is visible. 


9. PSD graph shows over 98 % of the energy is 
contained in the frequency range from 0 to 300 MHz. 


10. Residual energy extends out to 500 MHz. 
k. Waveform NTS15K01 .WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Not Annotated in Notes. 

6. Record length - 100 nanoseconds. 

7. No clearly discernible pulse is visible. 

8. Energy versus time graph shows a gradual build-up 
of energy. No distinct rise in the energy curve indicative 


of a main pulse is visible. 


9. PSD graph shows 98 % of energy contained within 
the frequency range from 0 to 450 MHz. 


10. Energy extends noticeably out to 850 MHz. 
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1. Waveform NTS15L01.WFM 


Te 


Transmitting antenna used was the LLNL modified 


log periodic. 


Zi 
Se 
4. 
5. 
6. 


us 
extremely 


8. 


9. 
contained 


10. 


Transmitter used was a Febetron. 
Elevation angle ( Source ) = O degrees. 
Polarization transmitted - Horizontal. 
Polarization captured - Vertical. 
Record length - 100 nanoseconds. 


No pulse is visible. What appears to be an 


Gistorted main pulse appears initially. 


Unable to generate energy versus time graph. 


PSD graph shows that 98 %* of the energy is 


in the frequency range from 0 to 400 MHz. 


Energy extends noticeably out to 600 MHz. 


Residual energy extends out to 1.3 GHz. 


m. Waveform NTS15M01.WFM 


a 


Transmitting antenna used was the LLNL modified 


log periodic. 


Ze 


Se 


8. 


2. 


Transmitter used was a Febetron. 
Elevation angle ( Source ) = 0 degrees. 
Polarization transmitted - Horizontal. 
Polarization captured - Horizontal. 
Record length - 100 nanoseconds. 

Pulse visible. 

Pulse duration - approx. 20 nanoseconds. 


Pulse shape resembles output from the LLNL 


modified log periodic antenna. 
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10. Energy versus time graph shows a distinct rise 
in energy indicative of a main pulse. 


3 Is Bee PSD graph shows that 98 % of the energy is 
contained in the frequency range from 0 to 430 MHz. 


12. Energy extends out to 600 MHz. 
n. Waveform NTS15NO1 .WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic. 

2. Transmitter uses was a Febetron. 

3. Elevation angle ( Source ) = 0 degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 500 nanoseconds. 

7. No clearly discernible pulse is visible. 


8. What appears to be a highly distorted pulse is 
visible initially. 


9. Energy versus time graph shows a gradual build-up 
of energy. No distinct rise in energy indicative of a main 
pulse is visible. 


10. PSD graph shows that 99 % of the energy is 
contained in the frequency range from 0 to 100 MHz. 


11. Residual energy extends out to 150 MHz. 
Oo. Waveform NTS15001.WFM 
1. Transmitting antenna used was the LLNL modified 
log periodic. 


2. Transmitter used was a Febetron. 


3. Elevation angle ( Source ) = O degrees. 
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4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7. No clearly discernible pulse is visible. 

8. What appears to be a highly distorted pulse is 
visible initially. This is probably due to the effects of 
multipath and reflections of the horizontally polarized main 
pulse. 

9. Energy versus time graph shows a gradual build-up 
of energy. No distinct rise in energy indicative of a main 


pulse is visible. 


103 PSD graph shows that 99 % of the energy is 
contained in the frequency range from 0 to 400 MHz. 


11. Residual energy extends out to 420 MHz. 
p-.- Waveform NTS15P01.WFM 

1. Transmitting antenna used was the LLNL modified 

log periodic. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0 degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 500 nanoseconds. 

7. No clearly discernible main pulse is visible. 


8. What appears to be a highly distorted pulse is 
visible initially. 


9. Energy versus time graph shows a gradual build-up 
of energy. No distinct rise in energy indicative of a main 
pulse is visible. 


10. PSD graph shows that 99 % of the energy is 
contained in the frequency range from 0 to 90 MHz. 
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11. Residual energy extends out to 200 MHz. 
q- Waveform NTS15Q01 .WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 500 nanoseconds. 

7. No clearly discernible pulse is visible. 

8. Energy versus time graph shows a gradual rise in 
energy. No immediate, distinct rise in energy indicative of 
a main pulse is visible. 


9. PSD graph shows that 98 % of the energy is 
contained in the frequency range from 0 to 70 MHz. 


10. Energy extends out to 90 MHz. 
r. Waveform NTS15RO1.WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0 degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 


6. Record length - 100 nanoseconds. 


7. Highly distorted main pulse is visible. 
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8. Distorted main pulse resembles output from the 
LLNL modified log periodic antenna. 


9. Energy versus time graph shows a gradual build-up 
of energy. No immediate, distinct rise in energy indicative 
of a main pulse is visible. 


EO: PSD graph shows that 98 % of the energy is 
contained in the frequency range from 0 to 300 MHz. 


11. Energy extends out to 500 MHz. 


Ss. Waveform NTS15SO1.WFM 


1. Transmitting antenna used was the LLNL modified 
log periodic. 


2. Transmitter used was a Febetron. 
3. Elevation angle ( Source ) = O degrees. 
4. Polarization transmitted - Horizontal. 


5. Polarization captured - Horizontal. 
6. Record length - 100 nanoseconds. 
7. No clearly discernible main pulse is visible. 


8. What appears to be an extremely distorted pulse 
is visible initially. 


9. Unable to generate energy versus time graph. 


10. PSD graph shows that 99 % of the energy is 
contained in the frequency range from 0 to 400 MHz. 


11. Residual energy extends out to 520 MHz. 
t. Waveform NTS15T01.WFM 
1. Transmitting antenna used was the LLNL modified 


log. periodic. 


2. Transmitter used was a Febetron. 
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3. Elevation angle ( Source ) = O degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7. No pulse is visible. 

Sr Multipath effects and reflections of the 
horizontally polarized main pulse is most probably what was 
captured and digitized. 

9. Energy versus time graph shows a gradual build-up 
of energy. No immediate, distinct rise in energy indicative 


of a main pulse is visible. 


10. PSD graph shows that 99 % of the energy is 
contained in the frequency range from 0 to 220 MHz. 


11. Residual energy extends out to 300 MHz. 
u. Waveform NTS15U01 .WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7. No pulse is visible. 

8. Multipath effects and reflections of the main 
pulse is what is most probably visible in the digitized 
waveform. 

9. Energy versus time graph shows a very gradual 


rise in the energy curve. No immediate, distinct build-up 
of energy indicative of a main pulse is visible. 
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10. PSD graph shows that 98 % of energy is contained 
in the frequency range from 0 to 100 MHz. 


11. Energy extends out to 230 MHz. 

v. Waveform NTS15V01.WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 500 nanoseconds. 

7. No clearly discernible main pulse is visible. 

8. What appears to be a highly distorted pulse is 
visible initially. The shape of this "pulse" appears to 
exhibit dispersion in time of the waveshape. This could be 
due to multipath effects and reflections. Furthermore, due 
to the 45 degree elevation of the transmitting antenna, the 
antenna radiation pattern could be such that in both the 
horizontal and vertical plane, the receiving antenna may not 
be receiving either the main lobe or side radiation lobe. 

9. Energy versus time graph shows a combination 
between the distinct, immediate rise in energy evident when 
a main pulse is present and the gradual build-up of energy 
evident when no main pulse is visible. 

10. PSD graph shows that over 99 % of energy is 
contained in the frequency range from 0 to 90 MHz. 

w. Waveform NTS15W01.WFM 
1. Transmitting antenna used was the LLNL modified 


log periodic. 


2. Transmitter used was a Febetron. 
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3. Elevation angle ( Source ) = 45 degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 500 nanoseconds. 

7. No clearly discernible main pulse is visible. 

8. What appears to be a highly distorted pulse is 
visible initially. The shape of this "pulse" appears to 
exhibit dispersion in time of the waveshape. This could be 
due to multipath effects and reflections. Furthermore, due 
to the 45 degree elevation of the transmitting antenna, the 
antenna radiation pattern could be such that in both the 
horizontal and vertical plane, the receiving antenna may not 
be receiving either the main lobe or side lobe radiation. 

9. Energy versus time graph shows a combination 
between the distinct, immediate rise in energy evident when 
a main pulse is present and the gradual build-up of energy 
evident when no main pulse is visible. 


10. PSD graph shows that over 99 % of energy is 
contained in the frequency range from 0 to 90 MHz. 


11. Residual energy extends out 120 MHz. 
x. Waveform NTS15X01.WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic. 

2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 


6. Record length - 100 nanoseconds. 


7. No pulse is visible. 
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8. Multipath effects and reflections of the main 
pulse is what is most probably visible in the digitized 
waveform. 

9. Energy versus time graph shows a very gradual 
rise in the energy curve. No immediate, distinct build-up 
of energy indicative of a main pulse is visible. 


10. PSD graph shows that 98 % of energy is contained 
in the frequency range from 0 to 110 MHz. 


1 Energy noticeably extends out to 400 MHz. 
Residual energy extends out to 520 MHz. 


y. Waveform NTS16A01.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 
4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 100 nanoseconds. 

7. No pulse is visible. 


8. What appears to be an extremely distorted main 
pulse is visible initially. 


9. Energy versus time graph shows a gradual build-up 
of energy. No distinct, immediate rise in energy indicative 
of a main pulse is visible. 


10. PSD graph shows that 95 % of energy is contained 
in the frequency range from 0 to 150 MHz. 
11. Energy extends out to 300 MHz. 


z. Waveform NTS16B01.WFM 


1. Transmitting antenna used was a TEM horn. 
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2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 
4. Polarization transmitted - Horizontal. 
5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7. No pulse is visible. 


8. What appears to be an extremely distorted main 
pulse is visible initially. 


9. Energy versus time graph shows a gradual build-up 
of energy. No distinct, immediate rise in energy indicative 
of a main pulse is visible. 


10. PSD graph shows that 99 % of energy is contained 
in the frequency range from 0 to 200 MHz. 


11. Residual energy extends out to 250 MHz. 


aa. Waveform NTS16C0Ol1 .WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 
4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 500 nanoseconds. 


7. Two pulses are visible. The second pulse occurs 
about 5 nanoseconds after the first pulse. 


8. Pulse duration for the first pulse is approx. 30 
nanoseconds. Pulse duration for the second pulse is approx. 
50 nanoseconds. 


9. Pulse shape for both pulses resembles output from 
Febetron. 
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10. Energy versus time graph shows two (2) distinct 
rises in energy indicative of two main pulses. 


11. PSD graph shows that 98 % of energy is contained 
in the frequency range from 0 to 100 MHz. 


12. Energy extends out to 120 MHz. 


ab. Waveform NTS16D01.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 
4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 500 nanoseconds. 


7. Two pulses are visible. The second pulse occurs 
about 15 nanoseconds after the first pulse. 


8. Pulse duration for the first pulse is approx. 50 
nanoseconds. Pulse duration for the second pulse is approx. 
50 nanoseconds. 


9. Pulse shape for both pulses resembles output from 
Febetron. 


10. Energy versus time graph shows two (2) distinct 
rises in energy indicative of two main pulses. 


11. PSD graph shows that 98 % of energy is contained 
in the frequency range from 0 to 100 MHz. 
12. Energy extends out to 150 MHz. 


ac. Waveform NTS16E01.WFM 


1. Transmitting antenna used was a TEM horn. 


2. Transmitter used was a Febetron. 
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3. Elevation angle ( Source ) = 45 degrees. 

4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 2000 nanoseconds. 

7. No further analysis performed. This digitized 
Signal was a "misfire" resulting in a bad shot. 


ad. Waveform NTS16F0O1.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 45 degrees. 
4. Polarization transmitted - Horizontal. 

5. Polarization captured - Horizontal. 

6. Record length - 100 nanoseconds. 

7. No pulse is visible. 


8. What appears to be an extremely distorted main 
pulse is visible initially. 


9. Energy versus time graph shows a gradual build-up 
of energy. No distinct, immediate rise in energy indicative 
of a main pulse is visible. The shape of the curve, 
however, shows distinct minor rises in energy indicating 
that a pulse or a distorted pulse may be present in the 
signal. 


10. PSD graph shows that 95 % of energy is contained 
in the frequency range from 0 to 150 MHz. 


11. Energy extends out to 300 MHz. 
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ae. Waveform NTS16G0O1.WFM 


1. Transmitting antenna used was a TEM horn. 


2. Transmitter used was a Febetron. 


3. Elevation angle ( Source ) = O degrees. 
4. Polarization transmitted - Horizontal. 
5. Polarization captured - Horizontal. 

6. Record length - 100 nanoseconds. 


7. No clearly discernible pulse is visible. 
8. A distorted main pulse is visible is initially. 


9. Pulse shape of distorted "pulse" resembles output 
from Febetron. 


10. Unable to generate energy versus time graph. 


11. PSD graph shows that 98 % of energy is contained 
in the frequency range from 0 to 400 MHz. 


12. Energy extends out to 1 GHz. 


af. Waveform NTS16H0O1.WFM 


1. Transmitting antenna used was a TEM horn. 
2. Transmitter used was a Febetron. 

3. Elevation angle ( Source ) = 0 degrees. 
4. Polarization transmitted - Horizontal. 

5. Polarization captured - Vertical. 

6. Record length - 100 nanoseconds. 

7. No clearly discernible pulse is visible. 


8. What appears to be a highly distorted pulse is 
visible initially. 


103 


9. Pulse shape of distorted "pulse" resembles output 
from Febetron. 


10. Energy versus time graph shows a distinct, 
immediate rise in energy indicative of a main pulse. 


11. PSD graph shows that 99 % of energy is contained 
in the frequency range from 0 to 250 MHz. 


12. Energy extends out to 300 MHz. 


D. ANALYSIS OF PAIRED WAVEFORMS 
The following analysis is for those digitized waveforms in 
which both the horizontal and vertical components were 
obtained using the same time base. 
1. Directory 5-4-90 
The following observations were noted: 


a. Waveforms NTS12J01.WFM and NTS12K01.WFM 


1. Transmitting antenna used was a TEM horn antenna. 
2. Elevation angle ( Source ) = 45 degrees. 


32 Horizontally polarized component (NTS12J01) 
clearly shows the main pulse. 


4. Vertically polarized component (NTS12K01) shows 
a Signal trace that is very similar to the horizontal 


component. Amplitude of pulse is less than corresponding 
amplitude for horizontal component. 


2. Directory 5-7-90 
The following observations were noted: 


a. Waveforms NTS13A01.WFM and NTS13C0O1.WFM 


1. Transmitting antenna used was a TEM horn antenna. 
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2: Horizontally polarized component (NTS13A01) 
clearly shows the main pulse. 


3. Vertically polarized component (NTS13C01) shows 
a signal trace that is very similar to the horizontal 
component. Amplitude of pulse is less than corresponding 
amplitude for horizontal component. 


b. Waveforms NTS13F01.WFM and NTS13HO1.WFM 


1. Transmitting antenna used was a TEM horn antenna. 
2. Elevation angle ( Source ) = 45 degrees. 


3. Horizontally polarized component (NTS13F01) shows 
an extremely distorted main pulse. 


4. Vertically polarized component (NTS13H01) shows 
a slight trace of the remnants of a highly distorted pulse. 


5. The waveform shape for both the horizontal and 
vertical components are nearly identical in appearance. 
This apparent depolarization of the transmitted wave is an 
anomaly since there is no readily available effect that 
would account for this. Reflections off conducting surfaces 
in the test site area could induce some depolarizing 
effects. This contributory factor, however, is considered 
negligible since no depolarization was noted when the 
transmitting antenna was not elevated by 45 degrees relative 
to the horizontal. 


c. Waveforms NTS13I01.WFM and NTS13J01.WFM 


1. Transmitting antenna used was a TEM horn antenna. 
2. Elevation angle ( Source ) = 45 degrees. 


oe Horizontally polarized component (NTS13J01) 
clearly shows a main pulse. A second pulse follows the main 
pulse by approximately 2 nanoseconds. 


4. Vertically polarized component (NTS131I01) shows 
what appears to be a highly distorted main pulse. A second 
distorted pulse appears to follow the first by approximately 
5 nanoseconds. 
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5e The horizontally and vertically polarized 
components show some similarity in appearance. The 
Similarity, however, is not as pronounced as in the other 
paired shots where the transmitting antenna was elevated by 
45 degrees relative to the horizontal. 


d. Waveforms NTS13L01.WFM and NTS13001 .WFM 
ie Transmitting antenna used was the TEM horn 


antenna. 


2. Horizontally polarized component (NTS13001) shows 
a slightly distorted main pulse. 


3. Vertically polarized component (NTS13001) shows 
a distorted main pulse. The amplitude of the "distorted" 


pulse is significantly less than the horizontally polarized 
component of the transmitted pulse. 


e. Waveforms NTS13M01.WFM and NTS13N01.WFM 
ds Transmitting antenna used was the TEM horn 


antenna. 


2. Horizontally polarized component clearly shows a 
main pulse. 


3. Vertically polarized component clearly shows a 
main pulse. 


4. An excellent example illustrating the apparent 


circularly polarized nature of the TEM horn antenna used for 
transmitting the signal pulse. 


f. Waveforms NTS13P01.WFM and NTS13Q01.WFM 
le Transmitting antenna used was the TEM horn 


antenna. 


Pace Horizontally polarized component (NTS13Q01) 
clearly shows a main pulse. 


106 


3. Vertically polarized component (NTS13P01) shows 
what appears to be a pulse. The amplitude of this "pulse" 
is less than the horizontally polarized component. 


g. Waveforms NTS13RO1.WFM and NTS13S01.WFM 


1% Transmitting antenna used was the TEM horn 
antenna. 


Fae Horizontally polarized component (NTS13R01) 
clearly shows a main pulse. A second "pulse" follows the 
first pulse by approximately 20 nanoseconds. 


3. Vertically polarized component (NTS13S01) clearly 
shows a main pulse. A second "pulse" follows the first 
pulse by approximately 20 nanoseconds. 


4. An excellent example illustrating the apparent 
circularly polarized nature of the TEM horn antenna used for 
transmitting the signal pulse. 

h. Waveforms NTS13V01.WFM and NTS13W01.WFM 
oe Transmitting antenna used was the TEM horn 


antenna. 


2. Horizontally polarized component clearly shows a 
main pulse. 


3. Vertically polarized component shows a distorted 


pulse. The amplitude of the pulse is less than the 
corresponding horizontally polarized component. 


i. Waveforms NTS13X01.WFM and NTS13Z01.WFM 
a; Transmitting antenna used was the TEM horn 


antenna. 


2. Horizontally polarized component (NTS13Z01) shows 
a slightly distorted main pulse. 


3. Vertically polarized component (NTS13X01) shows 


a distorted pulse. The amplitude of the pulse is less than 
the corresponding horizontally polarized component. 
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3. Directory 5-8-90 


The following observations were noted: 


a. Waveforms NTS15A01.WFM and NTS15D01.WFM 


1. Transmitting antenna used was the LLNL modified 
log periodic antenna. 


2% Horizontally polarized component (NTS15A01) 
clearly shows the main pulse. 


3. Vertically polarized component (NTS15D01) does 
not show the main pulse. Instead, what appears to multipath 
effects and reflections are seen initially. 


b. Waveforms NTS15B01.WFM and NTS15CO1.WFM 


1. Transmitting antenna used was the LLNL modified 
log periodic antenna. 


2. Horizontally polarized component (NTS15B01) shows 
a highly distorted main pulse. 


3. Vertically polarized component (NTS15C01) shows 
a distorted "main" pulse. A second, smaller "pulse" follows 
the main pulse by approximately 10 nanoseconds. 


4. The shape of the waveform for the horizontally 
polarized versus the vertically polarized signal would 
suggest that a mistake was made when annotating the 
polarization of the received signal. Assuming that the 
annotation is correct as to the polarization, this observed 
feature would suggest a curious anomaly. 


c. Waveforms NTS15E01.WFM and NTS15HO1.WFM 
1. Transmitting antenna used was the LLNL modified 


log periodic antenna. 


2. Horizontally polarized component (NTS15H0O1) 
clearly shows a main pulse. 
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3. Vertically polarized component (NTS15E01) does 
not show a main pulse. What appears to be the remnants of 
a "highly distorted pulse" arising from multipath effects 
and reflections appears initially. 


d. Waveforms NTS15I01.WFM and NTS15L01.WFM 


1. Transmitting antenna used was the LLNL modified 
log periodic antenna. 


2. Horizontally polarized component (NTS15I01) shows 
a distorted main pulse. 


3. Vertically polarized component (NTS15L01) does 
not show a main pulse. What appears to be the remnants of 
a "highly distorted pulse" arising from multipath effects 
and reflections appears initially. 


e. Waveforms NTS15M01.WFM and NTS15001.WFM 


1. Transmitting antenna used was the LLNL modified 
log periodic antenna. 


2. Horizontally polarized component (NTS15M01) 
clearly shows a main pulse. 


3. Vertically polarized component (NTS15001) does 
not show a main pulse. What appears to be the remnants of 
a “highly distorted pulse" resulting from multipath effects 
and reflections appears initially. 


f. Waveforms NTS15NO1.WFM and NTS15P01.WFM 

1. Transmitting antenna used was the LLNL modified 
log periodic antenna. 

2. Horizontally polarized component (NTS15P01) does 
not show a main pulse. What appears to be a "distorted" 
main pulse iS visible initially. 

3. Vertically polarized component (NTS15NO01) does 


not show a main pulse. What appears to be a "distorted" 
main pulse is visible initially. 
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4. The waveform shape of the received signal looks 
very similar for both the horizontally and vertically 
polarized directions. This observed feature would suggest 
that the transmitting antenna was elevated by 45 degrees and 
that an error was made when cataloging the parameters. 
Assuming that the information was correctly recorded, this 
observed feature would indicate a curious anomaly. 


g. Waveforms NTS15S0O1.WFM and NTS15T01.WFM 


1. Transmitting antenna used was the LLNL modified 
log periodic antenna. 


2. Horizontally polarized component (NTS15S01) shows 
a highly distorted main pulse. The waveform shape suggests 
a significant destructive interference may have taken place 
due to multipath effects and reflections. 


3. Vertically polarized component (NTS15T01) does 
not show a main pulse. What appears to be the remnants of 
an extremely distorted pulse due to multipath effects and 
reflections is visible initially. 


h. Waveforms NTS15U01.WFM and NTS15X01.WFM 


1. Transmitting antenna used was the LLNL modified 
log periodic antenna. 


2. Elevation angle ( Source ) = 45 degrees. 


3. Horizontally polarized component (NTS15X01) does 
not show a clearly discernible main pulse. What appears to 
be the remnants of an extremely distorted pulse is visible 
initially. 


4. Vertically polarized component (NTS15U01) does 
not show a main pulse. What could be a trace of the 
remnants of an extremely distorted pulse is visible 
initially. 


5. The waveform shape for both the horizontal and 
vertical components are nearly identical in appearance. 
This apparent depolarization of the transmitted wave is an 
anomaly since there is no readily available effect that 
would account for this. Reflections off conducting surfaces 
in the test site area could induce some depolarizing 
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effects. This contributory factor, however, is considered 
negligible since no depolarization was noted when the 
transmitting antenna was not elevated by 45 degrees relative 
to the horizontal. 


1. Waveforms NTS15V01.WFM and NTS15W0O1.WFM 


1. Transmitting antenna used was the LLNL modified 
log periodic antenna. 


2. Elevation angle ( Source ) = 45 degrees. 


3. Horizontally polarized component (NTS15W01) shows 
a distorted main pulse. 


4. Vertically polarized component (NTS15V01) shows 
a distorted main pulse. 


5. The waveform shape for both the horizontal and 
vertical components are nearly identical in appearance. 
This apparent depolarization of the transmitted wave is an 
anomaly since there is no readily available effect that 
would account for this. Reflections off conducting surfaces 
in the test site area could induce some depolarizing 
effects. This contributory factor, however, is considered 
negligible since no depolarization was noted when the 
transmitting antenna was not elevated by 45 degrees relative 
to the horizontal. 


j- Waveforms NTS16A01.WFM and NTS16B01.WFM 


dis Transmitting antenna used was the TEM horn 
antenna. 
2. Elevation angle ( Source ) = 45 degrees. 


3. Horizontally polarized component (NTS16A01) shows 
a distorted main pulse. 


4. Vertically polarized component (NTS16B01) shows 
a highly distorted main pulse. 


5. The waveform shape for both the horizontal and 
vertical components are very similar in appearance. This 
apparent depolarization of the transmitted wave is an 
anomaly since there is no readily available effect that 
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would account for this. Reflections off conducting surfaces 
in the test site area could induce some depolarizing 
effects. This contributory factor, however, is considered 
negligible since no depolarization was noted when the 
transmitting antenna was not elevated by 45 degrees relative 
to the horizontal. 


k. Waveforms NTS16C0O1.WFM and NTS16D01.WFM 


ie Transmitting antenna used was the TEM horn 
antenna. 

2. Elevation angle ( Source ) = 45 degrees. 

33 Horizontally polarized component (NTS16D01) 


clearly shows a main pulse. A second pulse is visible 
approximately 20 nanoseconds after the first pulse. 


4. Vertically polarized component (NTS16C01) 
clearly shows a main pulse. A second pulse is visible 
approximately 10 nanoseconds after the first pulse. 


5. The waveform shape for both the horizontal and 
vertical components are very similar in appearance. This 
apparent depolarization of the transmitted wave is an 
anomaly since there is no readily available effect that 
would account for this. Reflections off conducting surfaces 
in the test site area could induce some depolarizing 
effects. This contributory factor, however, is considered 
negligible since no depolarization was noted when the 
transmitting antenna was not elevated by 45 degrees relative 
to the horizontal. 


1. Waveforms NTS16G0O1.WFM and NTS16H0O1.WFM 
i Transmitting antenna used was the TEM horn 


antenna. 


2. Horizontally polarized component (NTS16G01) shows 
a main pulse. 


3. Vertically polarized component (NTS16H0O1) shows 
a distorted pulse. 
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V. CONCLUSION 


A. ANALYSIS OF DATA 
A summary of the trends and patterns observed in analyzing 
the Evergreen data follows. The horn antenna used for 


reception remained the same regardless of whether the LLNL 


modified log periodic or the TEM horn antenna was used for 


transmission. The waveforms chosen were the "cleanest" 


Signals that best illustrated each of the following features: 
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The shape of the received pulse was noticeably different 
when the transmitting antenna used was a TEM horn versus 
the LLNL modified LP antenna. Figure 46 and Figure 47 
illustrate the received waveform shape when the LLNL LP 


antenna was used for transmission. Figure 48 and 
Figure 49 illustrate the received waveform shape when the 
TEM horn antenna was used for transmission. These 
differences, reflect the different transmitting 


characteristics of the TEM horn [See Figure 50) versus 
the LLNL modified LP antenna [see Figure 51]. Figure 46 
through Figure 49, furthermore, are for the case in which 
the receiving antenna was oriented to match the 
transmitting antenna's polarization (l.e. horizontal). 


The TEM horn when used as the transmitting antenna 
appeared to produce symmetric looking waveforms in both 
the horizontal and vertical direction. The pulse 
amplitude of the vertically received component of the 
transmitted signal, however, was less than the pulse 
amplitude of the horizontally polarized component. 
Figure 52 through Figure 55 illustrate this observed 
feature in the NTS data obtained during the Evergreen 
test. This "observed feature" would tend to suggest that 
the transmitting characteristics of the TEM horn antenna 
produces a somewhat circularly polarized versus a 
strictly linearly polarized wave. 


When the receiving antenna was oriented in the horizontal 
direction to pick up the horizontally polarized, 
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transmitted wave, the main pulse was distinctly observed. 
When the transmitting antenna used was the LLNL modified 
LP antenna, the main pulse was discernible and resembled 
the waveform shape depicted in Figure 51. Figure 56 and 
Figure 57 illustrate the pulse shapes obtained when the 
LLNL log periodic antenna was used. The TEM horn antenna 
when used for transmission, generated a main pulse that 
was Similarly discernible, though the pulse shape was 
different, resembling the output from the Febetron (see 
Figure 8). Figure 58 and Figure 59 illustrate the pulse 
shapes obtained when the TEM horn antenna was used for 
transmission. 


When the receiving antenna was oriented in the vertical 
direction with the transmitting antenna remaining 
oriented in the horizontal direction, the main pulse was 
not distinctly discernible. Instead, what appears to be 
a highly distorted main pulse is observed. This result 
is most probably indicative of the effects of multipath, 
reflection and the fact that due to the actual physical 
geometry, a strict horizontal versus vertical alignment 
cannot be achieved between the transmitting and the 
receiving antenna, resulting in some "leakage" of the 
main pulse in the vertical direction. When the LLNL 
modified LP antenna was used for transmission, the 
distortion was quite noticeable. Figure 60 and Figure 61 
illustrate this case. When the TEM horn antenna was used 
for transmission, the distortion of the main pulse was 
not as pronounced. Figure 62 and Figure 63 illustrate 
this condition and support the observation noted in 
paragraph 2, above. 


The correlation between polarization and the discernment 
and shape of the main pulse captured is clearly seen when 
a comparison is made of those series of shots where both 
the vertical and horizontal component of the horizontally 
transmitted wave was recorded. Figure 64 through 
Figure 67 illustrate this observation for the case when 
the LLNL modified LP antenna was used for transmission. 
Figure 68 through Figure 71 illustrate the case when the 
TEM horn antenna was used for transmission. 


ANOMALY - When the elevation angle of the transmitting 
antenna was oriented at 45 degrees relative to the 
horizontal, [see Figure 72 and Figure 73], both the 
horizontally and vertically received components of the 
transmitted wave were nearly identical in appearance. 
Figure 74 and Figure 75 illustrate this when the LLNL 
modified LP antenna was used for transmission. Figure 76 
and Figure 77 illustrate this for the case when the TEM 
horn was used for transmission. In both these cases, 
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what appears to be a distorted main pulse appears 
initially. No effect that I am aware of will cause this 
"depolarization" of the transmitted signal. A possible 
contributing factor are any reflections from conducting 
surfaces that would tend to change the orientation of the 
horizontally polarized wave. This factor, however, is 
unlikely since no depolarization was observed for the 
case when the transmitting antenna was orientated in the 
horizontal direction. Furthermore, the geometry is such 
that with a 45 degree up angle of transmission, the 
linearly polarized nature of the transmitted wave will 
not contain equal components in both the vertical and 
horizontal direction. The transmitting antenna would 
have to be tilted 45 degrees either left or right for 
this effect to be observed. 


7. Analysis of the energy versus time graphs show a pattern 
that is indicative of whether the main pulse is present 
or not. For the horizontally received component of the 
horizontally polarized wave, a distinct rise in energy is 
initially observed. Figure 78 illustrates this for the 
LP antenna case and Figure 81 illustrates this for the 
TEM horn case. For the vertically received component of 
the horizontally polarized wave, a gradual rise in the 
energy curve is observed. This is illustrative of the 
fact that instead of a main pulse being captured, the 
effects of multipath and reflections are observed. 
Figure 79 illustrates this for the LP antenna case and 
Figure 82 illustrates this for the TEM case. For the 
case when the transmitting antenna is elevated by 45 
degrees relative to the horizontal, the energy versus 
time graph shows a pattern that is a mixture of both the 
horizontal and the vertical case. Figure 84 and 
Figure 85 illustrate this for the LP antenna case. 
Figure 87 and Figure 88 illustrate this for the TEM horn 
case. 


8. Analysis of the power spectral density graphs for the 
various collect times (i.e. record lengths) led to the 
following observations: 


a. 500 ns collect time - virtually all the energy is 
contained in the frequency range from O MHz to 100 MHz. 
Figure 91 and Figure 93 illustrate this for the LP antenna 
case. Figure 95 and Figure 97 illustrate this for the TEM 
horn antenna case. 


b. 100 ns collect time - virtually all the energy is 


contained in the frequency range from O MHz to 600 MHz. 
Figure 99 and Figure 101 illustrate this for the LP antenna 
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case. Figure 103 and Figure 105 illustrate this for the TEM 
horn antenna case. 


c. 50 ns collect time - virtually all the energy is 
contained in the frequency range from O MHz to 1.1 GHz. 
Figure 107 illustrates this for the LP antenna case and 
Figure 109 illustrates this for the TEM horn antenna case. 


9. The observations noted in sub-paragraph 8 are probably a 
function of the record length. As the collect time 
increases, more of the energy is_ proportionately 
contained in the lower frequencies. As a result, the 
high frequency energy content is low in proportion to the 
more abundant low frequency energy content. It is 
important to stress, however, that for all three collect 
times, the main pulse is present. Energy at frequencies 
up to 1 GHz and beyond are present in the main pulse. 
Therefore, to adequately capture the signal, hardware 
bandwiths of at least 1 GHz are required. 


10. Correlation of received signal strength to the 
aZimuthal direction of the receiving site relative 
to the transmitting antenna led to the following 
observations: 


a. The received signal strength dropped off as the 
receiving site moved off center relative to the transmitting 
antenna location. This was observed in both cases in which 
the TEM Horn antenna and the LLNL modified Log Periodic 
antenna was used. 


Db. A comparison of waveforms NTS15M01.WFM, 
NTS15HO1.WFM and NTS15A01.WFM [see Figure 110] shows that 
the signal strength dropped off as the receiving site moved 
off center relative to the transmitting antenna location. 
These waveforms were digitally captured for the case in 
which the LLNL Log Periodic antenna was used. It is 
interesting to note that the received signal strengths of 
waveform NTS15M01.WFM and NTS15HO1.WFM indicate good 
symmetry in the radiation pattern of the LP antenna. 
Waveform NTS15M01.WFM was captured at a bearing of 24 
degrees left of center and waveform NTS15H0O1.WFM was 
captured at a bearing of 25 degrees right of center. 


Cc. A comparison of waveforms NTS13L01.WFM, 
NTS16G01.WFM, NTS13V01.WFM, NTS13Z01.WFM and NTS13A01.WFM 
[see Figure 111] shows that the signal strength dropped off 
as the receiving site moved off center relative to the 
transmitting antenna location. The waveforms were digitally 
captured for the case in which the TEM horn antenna was used 
as the transmitting antenna. 
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dad. In the above noted observations, caution must be 
used, however, in the evaluation of the data. The 
attenuation settings were varied throughout the entire 
experiment. The settings and when the changes occurred were 
not well documented. As a result, the received signals 
strengths could also be a function of the attenuation 
setting in place at that particular moment. 
ole The ringing effect observed after the main pulse is 
most probably due to transients induced in the 
circuitry of the transmitting system due to the high 
energy pulse. As a result, low frequency components 
are generated and observed trailing the main pulse. 
[see Figure 46 through Figure 49}. 

In summary, the observations noted above strongly indicate 
that the polarization of the received signal will be a 
function of the polarization of the transmitted signal and the 
orientation of the receiving site relative to the transmitting 
site. Furthermore, the effects of multipath and reflections 
will affect the fidelity with which the transmitted signal is 
received and copied. The final important point is concerned 
with bandwidth. Analysis of the waveforms for the short 
record lengths (i.e from 50 nanoseconds to 100 nanoseconds) 
indicated that the nanosecond pulses generated had significant 
frequencies extending up to 1 GHz and beyond. Therefore, to 
adequately capture these pulse, the hardware (i.e. antenna, 
receivers, oscilloscopes, etc.) will require a minimum 
bandwidth of 1 GHz. For faithful reproduction during the 
digitizing process, the Nyquist sampling rate f, must be 


sufficiently great so that as a minimum, the highest frequency 


that can be digitized is equal to 1 GHz. 
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Figure 46 Waveform NTS15A01.WFM - Directory 5-8-90 
Transmitting Antenna - LLNL Log Periodic 
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Figure 47 Waveform NTS15HO1.WFM - Directory 5-8-90 
Transmitting Antenna - LLNL Log Periodic 


118 


NTS13A01_WFM 


co 
wi 
re 
0 
> 
iw] 


AMPL | TUDE 


0.5 
TIME (Seconds ) 





Figure 48 Waveform NTS13A01.WFM - Directory 5-7-90 
Transmitting Antenna - Big TEM Horn 
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Figure 49 Waveform NTS13V01.WFM - Directory 5-7-90 
Transmitting Antenna - Big TEM Horn 
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Figure 50 NBS Technical Note 1008, figure 9, p. 14 
Test Response from TEM Horn 
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Figure 51 LLNL Technical Note 2-1-90, figure 7, p. 7 
Test Response from modified Log Periodic Antenna 
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Figure 52 Waveform NTS13M01.WFM - Directory 5-7-90 
Horizontal Polarization [ Paired with NTS13N01.WFM ]} 
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Figure 53 Waveform NTS13NO1.WFM - Directory 5-7-90 
Vertical Polarization [{ Paired with NTS13M01.WFM ] 
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Figure 54 Waveform NTS13RO01.WFM - Directory 5-7-90 
Horizontal Polarization [{ Paired with NTS13S01.WFM ] 
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Figure 55 Waveform NTS13S01.WFM - Directory 5-7-90 
Vertical Polarization [ Paired with NTS13R01.WFM ] 
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Figure 56 Waveform NTS15A01.WFM - Directory 5-8-90 
LLNL Log Periodic Antenna \ Horizontal Polarization 
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Figure 57 Waveform NTS15H01.WFM - Directory 5-8-90 
LLNL Log Periodic Antenna \ Horizontal Polarization 
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Figure 58 Waveform NTS13V01.WFM - Directory 5-7-90 
Big TEM Horn Antenna \ Horizontal Polarization 
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Figure 59 Waveform NTS13A01.WFM - Directory 5-7-90 
Big TEM Horn Antenna \ Horizontal Polarization 
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Figure 60 Waveform NTS15E01.WFM - Directory 5-8-90 
LLNL Log Periodic Antenna \ Vertical Polarization 
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Figure 61 Waveform NTS15D01.WFM - Directory 5-8-90 
LLNL Log Periodic Antenna \ Vertical Polarization 
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Figure 62 Waveform NTS13C0O1.WFM - Directory 5-7-90 
Big TEM Horn Antenna \ Vertical Polarization 
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Figure 63 Waveform NTS13W01.WFM -—- Directory 5-7-90 
Big TEM Horn Antenna \ Vertical Polarization 
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Figure 64 Waveform NTS15HO1.WFM [Paired with NTS15E01.WFM] 
LLNL Log Periodic Antenna \ Horizontal Polarization 
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Figure 65 Waveform NTS15E01.WFM [Paired with NTS15HO1.WFM} 
LLNL Log Periodic Antenna \ Vertical Polarization 
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Figure 66 Waveform NTS15A01.WFM [Paired with NTS15D01.WFM] 
LLNL Log Periodic Antenna \ Horizontal Polarization 
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Figure 67 Waveform NTS15D01.WFM [Paired with NTS15A01.WFM] 
LLNL Log Periodic Antenna \ Vertical Polarization 
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Figure 68 Waveform NTS13A01.WFM [Paired with NTS13C01.WFM] 
Big TEM Horn Antenna \ Horizontal Polarization 
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Figure 69 Waveform NTS13C01.WFM [Paired with NTS13A01.WFM]} 
Big TEM Horn Antenna \ Vertical Polarization 
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Figure 70 Waveform NTS13V01.WFM [Paired with NTS13W01.WFM] 
Big TEM Horn Antenna \ Horizontal Polarization 
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Figure 71 Waveform NTS13W01.WFM [Paired with NTS13V01.WFM] 
Big TEM Horn Antenna \ Vertical Polarization 
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Figure 72 Reference Frame - Coordinate Axes 
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Figure 73 Reference Frame - Elevation Angle = 45 degrees 
Relative to the Horizontal Plane 
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Figure 74 Waveform NTS15W01.WFM [Paired with NTS15V01.WFM] 
Horizontal Component \ Elevation Angle = 45 degrees 
LLNL modified LP Antenna 
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Figure 75 Waveform NTS15V01.WFM [Paired with NTS15W01.WFM] 
Vertical Component \ Elevation Angle = 45 degrees 
LLNL modified LP Antenna 
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Figure 76 Waveform NTS12J01.WFM [Paired with NTS12K01.WFM] 
Horizontal Component \ Elevation Angle = 45 degrees 
Big TEM Horn Antenna 
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Figure 77 Waveform NTS12K01.WFM [Paired with NTS12J01.WFM}] 
Vertical Component \ Elevation Angle = 45 degrees 
Big TEM Horn Antenna 
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Figure 78 Waveform NTS15A01.WFM [Paired with NTS15D01.WFM} 
Horizontal Component \ LLNL Log Periodic Antenna 
Energy versus Time Graph 


@ 
E 
fF 
x 
nN 
< 
0 
rd 
0 
> 
Ne 
> 
0 
bg 
W 
Zz 
ui 


0.4 0.5 0.6 
TIME (Seconds) 





Figure 79 Waveform NTS15D01.WFM [Paired with NTS15A01.WFM] 
Vertical Component \ LLNL Log Periodic Antenna 
Energy versus Time Graph 
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Figure 80 Energy versus Time Graph - "NORMALIZED" 
Waveforms NTS15A01.WFM and NTS15D01.WFM 


139 


a 
® 
t 

+ 
& 
™ 
¢ 
ul 
ot 
0 
> 
Nod 


ENERGY 


05 
TIME (Seconds) 





Figure 81 Waveform NTS13A01.WFM [Paired with NTS13C0O1.WFM} 
Horizontal Component \ Big TEM Horn Antenna 
Energy versus Time Graph 


@ 
€ 
t 
a 

N 
¢ 

« 
of 
0 
> 
ed 
\ 
Y) 
ing 
UJ 
w 


0.4 0.5 0.6 
TIME (Seconds) 





Figure 82 Waveform NTS13C0O1.WFM [Paired with NTS13A01.WFM] 
Vertical Component \ Big TEM Horn Antenna 
Energy versus Time Graph 
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Figure 83 Energy versus Time Graph - "NORMALIZED" 
Waveforms NTS13A01.WFM and NTS13C01.WFM 
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Figure 84 Waveform NTS15W01.WFM [Paired with NTS15V01.WFM] 
Horizontal Component \ Elevation Angle = 45 degrees 
Energy versus Time Graph - LLNL Log Periodic Antenna 


uv 
E 
K- 
x 
al 
€ 
ui 
# 
QO 
> 
Na 
> 
0 
04 
Ww 
iz 
WwW 


2.5 
TIME (Seconds) 





Figure 85 Waveform NTS15V01.WFM [Paired with NTS15W01.WFM) 
Vertical Component \ Elevation Angle = 45 degrees 
Energy versus Time Graph - LLNL Log Periodic Antenna 
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Figure 86 Energy versus Time Graph - "NORMALIZED" 


Waveforms NTS15V01.WFM and NTS15W01.WFM 
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Figure 87 Waveform NTS12J01.WFM [Paired with NTS12K01.WFM] 
Horizontal Component \ Elevation Angle = 45 degrees 
Energy versus Time Graph - Big TEM Horn Antenna 
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Figure 88 Waveform NTS12K01.WFM [Paired with NTS12J01.WFM] 
Vertical Component \ Elevation Angle = 45 degrees 
Energy versus Time Graph - Big TEM Horn Antenna 
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Figure 89 Energy versus Time Graph - "NORMALIZED" 
Waveforms NTS12J01.WFM and NTS12K01.WFM 
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Figure 90 Waveform NTS15P01.WFM [Paired with NTS15N01.WFM] 
LLNL Log Periodic Antenna - Horizontal Component 
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Figure 91 Waveform NTS15P01.WFM [Paired with NTS15N01.WFM) 
Power Spectral Density Graph - Horizontal Component 
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Figure 92 Waveform NTS15NO1.WFM [Paired with NTS15P01.WFM) 
LLNL Log Periodic Antenna - Vertical Component 
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Figure 93 Waveform NTS15NO1.WFM [Paired with NTS15P01.WFM] 
Power Spectral Density Graph - Vertical Component 
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Figure 94 Waveform NTS16D01.WFM [Paired with NTS16C01.WFM] 
Big TEM Horn Antenna - Horizontal Component 
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Figure 95 Waveform NTS16D01.WFM [Paired with NTS16C01.WFM] 
Power Spectral Density Graph - Horizontal Component 
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Figure 96 Waveform NTS16C01.WFM [Paired with NTS16D01.WFM} 
Big TEM Horn Antenna - Vertical Component 
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Figure 97 Waveform NTS16CO1.WFM [Paired with NTS16D01.WFM] 
Power Spectral Density Graph - Vertical Component 
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Figure 98 Waveform NTS15A01.WFM [Paired with NTS15D01.WFM] 
LLNL Log Periodic Antenna - Horizontal Component 
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Figure 99 Waveform NTS15A01.WFM [Paired with NTS15D01.WFM] 
Power Spectral Density Graph - Horizontal Component 
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Figure 100 Waveform NTS15D01.WFM [Paired with NTS15A01.WFM) 
LLNL Log Periodic Antenna - Vertical Component 
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Figure 101 Waveform NTS15D01.WFM [Paired with NTS15A01.WFM] 
Power Spectral Density Graph - Vertical Component 
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Figure 102 Waveform NTS13V01.WFM [Paired with NTS13W01.WFM] 
Big Tem Horn Antenna - Horizontal Component 
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Figure 103 Waveform NTS13V01.WFM [Paired with NTS13W01.WFM] 
Power Spectral Density Graph - Horizontal Component 
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Figure 104 Waveform NTS13W01.WFM [Paired with NTS13V01.WFM)} 
Big TEM Horn Antenna - Vertical Component 
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Figure 105 Waveform NTS13W01.WFM [Paired with NTS13V01.WFM] 
Power Spectral Density Graph - Vertical Component 
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Figure 106 Waveform NTSO6001.WFM - Directory 5-1-90 
LLNL Log Periodic Antenna 
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Figure 107 Waveform NTSO6001.WFM - Directory 5-1-90 
Power Spectral Density Graph 
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Figure 108 Waveform NTSO4K01.WFM - Directory 5-1-90 
Big TEM Horn Antenna 
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Figure 109 Waveform NTSO4K0O1.WFM - Directory 5-1-90 
Power Spectral Density Graph 
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Figure 110 Project Evergreen - LLNL modified LP Antenna 
Signal Strength as a Function of Azimuthal Direction 
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Figure 111 Project Evergreen - Big TEM Horn Antenna 
Signal Strength as a Function of Azimuthal Direction 
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B. ELECTROMAGNETIC CONSIDERATIONS 

Dispersive effects experienced by the signal pulse due to 
the conductive properties of the atmosphere were also 
considered. Electromagnetic theory states that the phase 
velocity of an electromagnetic wave propagating through the 
atmosphere will be a function of the refractive index. The 
resulting equation shows that different frequencies will 


experience different phase velocities: 


-1/2 
v2£et) (2161) (1+(-Z)?) 41] (6)a 
n We EW 


phase velocity of electromagnetic wave 
permeability of the medium 

permittivity of the medium 

conductivity of the medium 

angular frequency of electromagnetic wave 
speed of light 

we = refractive index 


wher 


e: 
Vp 
U 
€ 
g 
@ 
c 
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Equation (6)a is equivalent to: 


=i2 


vo=(,{ (——+—) ] [| (2+ 2 )?) #2) (6)b 
fue €., €€,2nLf 
where: 
u, = relative permeability constant 
Uo = permeability of free space 
€. = relative permittivity constant 
€, = permittivity of free space 


f = frequency of electromagnetic wave such that w = 2Illf 


LS3 


Assuming that the earths atmosphere behaves for all 
practical purposes as a vacuum, I used the following values 
for €, wp [Ref. 6] and g [Ref. 7]: 


€ = 1 * 8.854 x 10°'? C?/N-m’? 


€ = €.€, 


i 


t= pe, = 1 * 4I x 10° N-s?/c* 


<= 
+2 f 
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ry 
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coulombs, s = seconds and N = newtons. 


x 10°'’ S/m height above ground = 0 meters 


Q 
I 
NY) 


g=5x10' S/m height above ground 10 kilometers 


It 


20 kilometers 


g=2x10' S/m height above ground 
where S = siemens and m = meters. 
Electromagnetic theory states that for a conducting 
medium, the electric and magnetic fields will not be 
orthogonal for circular or elliptical polarization. Given the 
extremely low values of conductivity, g, I treated the 
atmosphere as a non-conducting medium. This simplified the 
analysis in that I was able to treat the electric and magnetic 
fields as orthogonal. In doing so, when analyzing the 
vertical and horizontal component of the electric field of the 
transmitted signal, non-orthogonal (i.e. 90 degrees) phase 
relationships between the electric and magnetic fields did not 
have to be considered, simplifying the analysis. It is 
important to point out that the atmosphere is a conducting 
medium (albeit extremely small), and as a result there will be 
non-orthogonal phase relationships between the electric and 
Magnetic fields. This non-orthogonal phase relationship 


between the electric and magnetic fields could account for 
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some of the dispersive effects noted in both the horizontally 
and vertically received component of the signal. 

Inputting a range of values for the frequency, f, from 0 
MHz to 2 GHz, the resulting phase velocity v, remained 


constant to three significant digits (i.e. v, = 2.998 m/s*). 
Based on these results, I concluded that any dispersion 
experienced by the transmitted pulse due to the atmosphere was 
negligible and imperceptible for the purposes of this 
analysis. Consequently, the dispersive effects induced in the 
transmitted pulse due to different phase velocities are a 
function of the hardware parameters (1.e transmitter 
characteristics, antenna transfer function, etc.) 
Additionally, multipath effects, reflection and refraction of 
the transmitted pulse will most likely also contribute to 


dispersive effects at the receiving end due to constructive 


and destructive interference. 


C. RECOMMENDATIONS 


The following recommendations are suggested: 


1. Bookkeeping and accurate records of what actually 
took place is essential for future experiments. 
Lack of accurate note taking, properly annotating 
changing parameters and variables and lack of data 
hindered and complicated the analysis of this data. 
The importance of accurate records becomes even more 
critical when the individual analyzing the data did 
not participate in the actual experiment. 


2. Hardware bandwidths large enough to adequately 


accommodate the signals of interest are critical for 
successful data gathering. On future experiments 


A Ls 


involving the study of electromagnetic radiation, 
the experimenter needs to ensure that the equipment 
used (i.e antenna, receiver, oscilloscope, etc.) is 
suitable for the signals of interest. 


The use of narrow band equipment should not be used 
because an extremely narrow pulse will just give the 
impulse response of the receiver. Consequently, not 
much information would be known about the signal 
except that it is a very narrow, time limited pulse 
(i.e. wideband in the frequency domain). 


Further study should be conducted to better 
understand the effects of extremely short time 
duration signals on electronic equipment (i.e. 
antennas, receivers, transmitters, etCan 
Atmospheric effects that may be unique to such 
Signals should also be studied. 
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APPENDIX A. MATLAB PROGRAM = POWER SPECTRAL DENSITY GRAPH 


This program will calculate and provide a graphic output of 
the power spectral density (PSD) graph of a signal 
Graphic output will be provided on a log-log plot anda 
semi-log plot. The semi-log plot is used to provide finer 
detail at the lower power levels 
The signal of interest was obtained during the NTS 
experiment 


MATLAB is a mathematics software program developed by 
The MathWorks, Inc. A copy of the program is available 
in the Electrical Engineering computer lab located on 
the 4th floor of Spanagel Hall 


dP OP OP dP dP oP oP oP dP OP 


m = input('Enter meta file name = pr Seo)ey 
eval({'!del ',m,'.met')); 


disp('ENTER WAVEFORM DATA FILE without .DAT Extension') ; 

Ge="Inpuc('> ','s'); 

eval([{'load ',c,'.dat')); % ASCII DATA FILE OF 
% DIGITIZED WAVEFORM 


evawcel C= ' 6,73" ))7 % LOADING DATA FILE INTO 
% COLUMN VECTOR C 


Cy— -C"; % TRANSPOSE ASCII DATA 
% COLUMN VECTOR C 


disp('Enter SAMPLING FREQUENCY') ; 


Fs = input('> e 

disp('Enter NUMBER of ASCII DATA POINTS'); 

N = input('> '): 

w= fft(C); % FAST FOURIER TRANSFORM 


OF SIGNAL DATA POINTS 


Pyy = (1/N) .* (w .* conj(w)); POWER SPECTRUM OF 
DIGITIZED WAVEFORM 


f = (Fs*(0:N-1)./N); FULL FREQUENCY RANGE 


JP oP AP oP de de de 


fl = (Fs*(0:(N/2 - 1))./N); 1/2 FREQUENCY RANGE 
f2 = (Fs*(0:(N/4 - 1))./N); 1/4 FREQUENCY RANGE 
£3 = (Fs./N)*(0:N/8 - 1); 1/8 FREQUENCY RANGE 


Dy, 


subplot(211), plot(f,Pyy), title({'PSD of ', c}), 
Xlabel ('FREQUENCY (Hertz) '), ylabel('AMPLITUDE (Volts%2)'), 
grid, pause; 

subplot(212), plot(f1,Pyy(1:256)), title([{'PSD of ', c)), 
xlabel('FREQUENCY (Hertz) '), ylabel('AMPLITUDE (Volts%2)'), 
grid, pause; 

eval(({'meta ',m)); 

clg; 


subplot(211), plot(f2,Pyy(1:128)), title({'PSD of ',c)), 
Xlabel('FREQUENCY (Hertz) !), ylabel( ‘AMPLITUDE (Volts%2)'), 
grid, pause; 

subplot(212), plot(f3,Pyy(1:64)), title({'PSD of ',c}), 
Xlabel('FREQUENCY (Hertz)'), ylabel('AMPLITUDE (Volts%2)'), 
grid, pause; 

eval({'meta ‘',m)); 

clg; 


subplot(211), semilogy(f,Pyy), title([{'PSD of ', c}), 
Xlabel('FREQUENCY (Hertz)'), ylabel('AMPLITUDE (Volts%2)'), 
grid, pause; 

subplot(212), semilogy(f1,Pyy(1:256)), title({'PSD of ', c}), 
Xxlabel('FREQUENCY (Hertz)'), ylabel( ‘AMPLITUDE (Volts%*2)'), 
grid, pause; 

eval({'meta ‘,m])); 

clg; 


subplot(211), semilogy(f2,Pyy(1:128)), title({'PSD of ', c}), 
xlabel( ‘FREQUENCY (Hertz)'), ylabel('AMPLITUDE (Volts“%2)'), 
grid, pause; 

subplot(212), semilogy(f3,Pyy(1:64)), title({'PSD of ', c}), 
xlabel('FREQUENCY (Hertz) !'), ylabel('AMPLITUDE (Volts%2)'), 
grid, pause; 

eval({'meta ',m)); 

clg; 
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APPENDIX B. MATLAB PROGRAM - AMPLITUDE vs. TIME WAVEFORM 


% This program will provide a graphic output of the amplitude 
% versus time waveform using the sampled data points 

% The signal of interest was obtained during the NTS 

% experiment 

m = input('Enter meta file name = ree Oo ae 


eval({'!del ',m,'.met')); 


GQisp('ENTER WAVEFORM DATA FILE in Capital Letters without 
.-DAT Extension') ; 


c = input('> ‘','s'); 
eval({'*load ',c,'.dat']); % ASCII DATA FILE OF 
% DIGITIZED WAVEFORM 
evai(('C = °c, "s")); % LOADING DATA FILE INTO 
% COLUMN VECTOR C 
Cr="C's % TRANSPOSE ASCII DATA 


% COLUMN VECTOR 


disp('Enter NUMBER of ASCII DATA POINTS'); 


N = input('> ye 

disp('Enter SAMPLING TIME INTERVAL'); 

T = input('> a 

n = O:N-1; % NUMBER OF DATA POINTS 
t = nT; % TIME INTERVAL BETWEEN 


% SAMPLED DATA POINTS 
subplot(211), plot(t,C), title([c,'.WFM'])), 


xlabel('TIME (Seconds)'), ylabel('AMPLITUDE (Volts)'), grid; 
eval(['meta ',m])); 
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APPENDIX C. MATLAB PROGRAM - POWER vs. TIME WAVEFORM 


% This program will provide a graphic output of the 
% power versus time waveform 

% The signal of interest was obtained during the NTS 
% experiment 

m = input('Enter meta file name = Late Oe 


eval({'!del ',m,'.met']); 


disp('ENTER WAVEFORM DATA FILE in Capital Letters without 
~-DAT Extension’) ; 


c = input('> ','s'); 
eval({'load ',c,'.dat')); % ASCII DATA FILE OF 
% DIGITIZED WAVEFORM 
eval( (te: — "cate % LOADING DATA FILE INTO 
% COLUMN VECTOR C 
C= C'; % TRANSPOSE ASCII DATA 


% COLUMN VECTOR C 


disp('Enter NUMBER of ASCII DATA POINTS') ; 


N = input('> a 
disp('Enter SAMPLING TIME INTERVAL’) ; 
T = input('> ey 
n = O:N-1; % NUMBER OF DATA POINTS 
t = n*T; % TIME INTERVAL BETWEEN 
% SAMPLED DATA POINTS 
B = C.%2; % SQUARING THE ELEMENTS IN ROW VECTOR C 


subplot(211), plot(t,B), title(({c,'.WFM')), 
Xxlabel('TIME (Seconds)'), ylabel('POWER (Volts*2)'), grid; 
eval([{'meta ',m]); 
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APPENDIX D. MATLAB PROGRAM - ENERGY vs. TIME WAVEFORM 


% This program will provide a graphic output of the 
% energy versus time waveform 

% The signal of interest was obtained during the NTS 
% experiment 

m = input('Enter meta file name = prs (a He 


evart(*1del ,m,* «met")); 


disp('ENTER WAVEFORM DATA FILE in Capital Letters without 
.DAT Extension') ; 


ef input ('>*, 's') > 
evali(' load *,c,'.dat']); % ASCII DATA FILE OF 
% DIGITIZED WAVEFORM 
eyvabiitC = *,¢c,'s*])-% % LOADING DATA FILE INTO 
% COLUMN VECTOR C 
Cs=.C'; % TRANSPOSE ASCII DATA 


% COLUMN VECTOR C 


Gisp('Enter NUMBER of ASCII DATA POINTS'); 


N = input('> e- 

disp('Enter SAMPLING TIME INTERVAL') ; 

T = input('> ee 

n = O:N-1; % NUMBER OF DATA POINTS 

t = n*T; % TIME INTERVAL BETWEEN 

% SAMPLED DATA POINTS 

Bee CC. o2> % SQUARING THE ELEMENTS IN ROW VECTOR C 

E = zeros(1,N); % DEFINE SIZE OF VECTOR 

D = O; % INITIALIZING VARIABLE 

Z = 0; % INITIALIZING VARIABLE 

for a=1:1:N; 
Z= B(a) * t(a); % ELEMENT BY ELEMENT MULTIPLICATION 
De=)D-+ 27: % CUMULATIVE SUM OF (POWER * TIME) 
E(a) = D; 

end; 
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subplot(211), plot(t,E), title([c,'.WrmM")), 

xlabel('TIME (Seconds)'), ylabel('ENERGY (Volts*2 * Time)'), 
Grid; 

eval([{'meta ',m)); 
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APPENDIX E. MATLAB PROGRAM - ENERGY vs. TIME ( NORMALIZED ) 


% This program will provide a graphic output of the 

% energy versus time curve 

%* This program will normalize the energy versus time curve 
* and graph both curves for the horizontal and vertical 

$ polarization on the same plot 

%* The signal of interest was obtained during the NTS 

% experiment 

m = input('Enter meta file name = de a) 


eval({'!del ',m,'.met']); 


GE kkkkkkkkkkkkKeKakkkkekKaeKKakKKKKKK aaa KAKI 


GQisp('ENTER WAVEFORM DATA FILE in Capital Letters without 
.DAT Extension') ; 


c = input('> ','s'); 
eval({'load ',c,'.dat']); % ASCII DATA FILE OF 
% DIGITIZED WAVEFORM 
Byala Gea ie et oP 5 % LOADING DATA FILE INTO 
% COLUMN VECTOR C 
C= C!; % TRANSPOSE ASCII DATA 


% COLUMN VECTOR C 


disp('Enter SAMPLING TIME INTERVAL") ; 
T = input('> se 


% 


kkkkkk kkk kekkkkkkkkkkeakKekkkakkakKkaKaKakkKkaaKKKKA Kaa KKK AK 


disp('ENTER WAVEFORM DATA FILE in Capital Letters without 
-DAT Extension'); 
a= input('> ','s'); 
eval({'load ',d,'.dat']); % ASCII DATA FILE OF 
% DIGITIZED WAVEFORM 


eval({'D = ',d,';')); % LOADING DATA FILE INTO 
% COLUMN VECTOR D 


D = D'; % TRANSPOSE ASCII DATA 
% COLUMN VECTOR D 


disp('Enter SAMPLING TIME INTERVAL') ; 
TT = input('> “ae 
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FE KRHRKKEKKKKKKEKKKKEKEKEKKKKEKKEKEEKKEKEEKKEEKKEKKEKKEKEKEKEKEKKKEKEKKKEKKEEEK 


disp('Enter NUMBER OF ASCII DATA POINTS'); 
N = input('> ce 


ERKKKKKKKKEKEEKKEKEEKKEKEKEKKKEEKEEKEKKKKKKEKKKRKKKEKKKKKKKKKKKRKEKKES 


n= O:N-1; % NUMBER OF DATA POINTS 
t = n*T; %* TIME INTERVAL BETWEEN 
%* SAMPLED DATA POINTS 
B. =". "2; % SQUARING THE ELEMENTS IN 
% ROW VECTOR C 
X = zeros(1,N); % DEFINING SIZE OF VECTOR 
Y = 0; %* INITIALIZING VARIABLE 
Z = 0; % INITIALIZING VARIABLE 
for a=1:1:N; 
Z= B(a) * t(a); % ELEMENT BY ELEMENT MULTIPLICATION 
Y= Y+ @Z; %* CUMULATIVE SUM OF (POWER * TIME) 
X(a) = Y; 
end; 


M = max(X), pause; 
XM = X./M; 


EkRKRKRKRKKKKKKKEKEKKKEKKKKKKKKKKKKKKKKKEKKERKKKEKKEKKKKKKKKKKKKKKKE 


n = 0O:N-1; % NUMBER OF DATA POINTS 
tt = n*TT; % TIME INTERVAL BETWEEN 
% SAMPLED DATA POINTS 
BB = D.%2; % SQUARING THE ELEMENTS IN 
% ROW VECTOR D 
XX = zeros(1,N); % DEFINING SIZE OF VECTOR 
YY = 0; * INITIALIZING VARIABLE 
ZZ = 0; * INITIALIZING VARIABLE 


for aa=1:1:N; 
ZZ = BB(aa) * tt(a); % ELEMENT BY ELEMENT MULTIPLICATION 
YY = YY + ZZ; %* CUMULATIVE SUM OF (POWER * TIME) 
XX(aa) = YY; 

end; 


MM = max(XX), pause; 
XXMM = XX. /MM; 
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% KKKKKKEKKKKEKKEKKEKKKEKKKKEKKKKKKKKKKKKKKEKKEKKEKEKKKKKKKKKKKKKKKKKKEK 


Svibplot (217), ploe(t;xXM,'b* ct, XXMM,'’=-.g'), 
title('ENERGY versus TIME Graph - “NORMALIZED"'), 
Xlabel('TIME (Seconds)'), 
ylabel('ENERGY (Volts*2 * Time)'), grid; 

eval({'meta ',m])); 
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APPENDIX F. MATLAB PROGRAM - PHASE VELOCITY 


This program will calculate the phase velocity of an 
electromagnetic (E-M) wave for a range of frequencies. 
The parameters for wave frequency (f), permittivity (e), 
permeability (u) and conductivity (g) are inputted from the 
keyboard. Specifying these parameters tailors the equation 
for the particular medium under consideration. 


A AP AO AO AO OP 


m = input('Enter meta file name = ‘> US )r: 
eval({'!del ',m,'.met']); 


disp('Enter Lower Limit WAVE FREQUENCY ( in Hertz ) EXCLUDE 
O'); 
LL = input('> '); 


disp('Enter Upper Limit WAVE FREQUENCY ( in Hertz )'); 
UL = input('> '); 


disp('Enter PERMITTIVITY Constant'); 
e = input('> ‘'); 


disp('Enter PERMEABILITY Constant'); 
u = input('> '); 


disp('Enter CONDUCTIVITY Constant') ; 
g = input('> '); 


X = UL; 

XX = LL; 

Z= X - XX; 

Vp = zeros(1,Z); % DEFINE SIZE OF ROW VECTOR 
Y=1; % INITIALIZE COUNTER 


for f=LL:1:UL; 
V = sqrt(2/(u*e)) * 1/ (sqrt (sqrt (1+(g/ (e*2*pi*f))*2) + 1)); 
Vp (a=; 
Y= Y+i1; 

end; 


f = LL:1:UL; 
plot(f,Vp,'+b'), title('ATMOSPHERIC PHASE VELOCITY of 
E-M WAVE '), xlabel('FREQUENCY (Hertz)'), 


ylabel('PHASE VELOCITY (m/s)'), grid; 
eval({'meta ',m)}); 


166 


LIST OF REFERENCES 


1. Eugene P. Binnal, EVERGREEN: Project Introduction and 


Request for Site Use at NTS, (Livermore, CA: Lawrence 
Livermore National Laboratory, 9 February, 1990), p.7. 


2. Gerry Burke, "Technical Note 2-1-90," Preliminary 
Analysis of a Modified Log-Periodic Antenna for Pulse 


Transmission, (Livermore, CA: Lawrence Livermore National 
Laboratory, 30 April, 1990). 


3. Robert A. Lawton and Arthur R. Ondrejka, Antennas and the 
Associated Time Domain Range for the Measurement of 
Impulsive Fields, (Boulder, CO: National Bureau of 
Standards, November 1978), pp. 13-15, 19-21, 48-49. 


4. Eugene P. Binnall, “EVERGREEN Review Meeting," EVERGREEN 
SITE, (Livermore, CA: Lawrence Livermore National 
Laboratory, 28 August, 1990). 


5. Robert D. Strum and Donald E. Kirk, Discrete Systems and 


Digital Signal Processing(New York: Addison-Wesley 
Publishing Company, April 1989), pp. 389 -392. 


6. John R. Reitz and Frederick J. Milford and Robert W. 


Christy, Foundations of Electromagnetic Theory (London: 
Addison-Wesley Publishing Company, 1980), p. 26 and p. 161. 


7. United States Air Force, Handbook of Geophysics and the 
Space Environment (Air Force Geophysics Laboratory, 1985), 


p. 20-2. 


167 


BIBLIOGRAPHY 


Anton, Howard and Rorres, Chris, Elementary Linear Algebra 
with Applications, John Wiley and Sons, New York, 1987. 


Binnall, Eugene P., EVERGREEN: Project Introduction and 
Request for Site Use at NTS, Lawrence Livermore National 
Laboratory, Lawrence, California, 9 February, 1990. 


Binnall, Eugene P., "EVERGREEN Review Meeting", EVERGREEN 
Site, Lawrence Livermore National Laboratory, Lawrence, 


California, 28 August, 1990. 


Burke, Gerry J., "fechnical Note 2-1-90", Preliminary 
Analysis of a Modified Log-Periodic Antenna for Pulse 
Transmission, Lawrence Livermore National Laboratory, 
Lawrence, California, 30 April, 1990. 


Burke, Gerry J., Evaluation of Modified Log-Periodic 
Antennas for Transmission of Wide-Band Pulses, Briefing 
presented at the 7th Annual Review of Progress in Applied 
Computational Electromagnetics, Naval Postgraduate School, 
Monterey, California, 18-22 March, 1991. 


Cornish, W. D., Microwave Frequency Dividers: Devices and 
Applications, IEE Proceedings, Volume 129, Part F, Number 
3, June 1982. 


Dreyer, Kenneth A., Ground Wave Propagation of a Video 
Pulse Source, Lawrence Livermore National Laboratory, 
Applied Technology Program, Livermore, California, 30 
April, 1990. 


Gnanalingham, Class Notes, PH 3352 Electromagnetic Waves 


and PH 4353 Topics in Advanced Electricity and Magnetisn, 
Naval Postgraduate School, Monterey, California, January 
1991 = June 1991. 


Iverson, A. Evan, Ultra Wideband Radar, Research and 
Development Considerations, Mechanical and Engineering 
Division, Los Alamos National Laboratory, New Mexico, June 
1989. 


10. Kildal, P. S., Gaussian Beam Model for Aperture-Controlled 


and Flareangle-Controlled Corrugated Horn Antennas, IEE 
Proceedings, Volume 135, Part H, Number 4, August 1988. 


168 


11% 


Te. 


J Bes 


14. 


Ikke 


16. 


17. 


18. 


19. 


20. 


21. 


Kildal, P. S., Technical Memorandum, Bandwidth of a Square 
Hard Horn, IEE Proceedings, Volume 135, Part H, Number 4, 


August 1988. 


Kisenwether, Liz, UWB Radar and Related Technologies, HRB 
Systems, State College, Pennsylvania, June 1991. 


Kisenwether, Liz, Impulse Radar: Review and Analysis, HRB 
Systems, State College, Pennsylvania, December, 1987. 


Lawton, Robert A. and Ondrejka, Arthur R., Antennas and 
the Associated Time Domain Range for the Measurement of 
Impulsive Fields, National Bureau of Standards, Boulder, 
Colorado, November, 1978. 


Parkes, D. M. and Smith, P. D., Practical Method of 
Predicting Transient Fields and Monopole Current 
Waveforms, IEE Proceedings, Volume 135, Part H, Number 4, 
August 1988. 


Moule, G. L., SAW Compressive Receivers for Radar 
Intercept, IEE Proceedings, Volume 129, Part F, Number 3, 


June 1982. 


Reitz, John R. and Milford, Frederick J., Foundations of 
Electromagnetic Theory, Addison-Wesley Publishing Company, 
London, 1980. 


Skolnik, Merrill I., An Introduction to Impulse Radar, 
Radar Division, Naval Research Laboratory, Washington, 


D.C., November, 1990. 

Strum, Robert D. and Kirk, Donald E., First Principles of 
Discrete Systems and Digital Signal Processing, Addison- 
Wesley Publishing Company, New York, April 1989. 


Temes, C. L., Impulse Arrays, Radar Division, Naval 
Research Laboratory, Washington, D.C., May 1991. 


United States Air Force, Handbook of Geophysics and the 
Space Environment, Air Force Geophysics Laboratory, 1985. 


169 


INITIAL DISTRIBUTION LIST 


Defense Technical Information Center 
Cameron Station 
Alexandria, Virginia 22304-6145 


Library, Code 52 
Naval Postgraduate School 
Monterey, California 93943-5002 


Naval Postgraduate School 

Attn: Professor Xavier Maruyama, Code PH/MxX 
Department of Physics 

Monterey, California 93943-5000 


Naval Postgraduate School 

Attn: Professor Stephen Jauregui, Code 62Ja 
Department of Electrical and Computer Engineering 
Monterey, California 93943-5000 


Naval Postgraduate School 

Attn: Professor S. Gnanalingham, Code PH/GN 
Department of Physics 

Monterey, California 93943-5000 


Naval Postgraduate School 

Attn: Professor John Neighbours, Code PH/NG 
Department of Physics 

Monterey, California 93943-5000 


Antonio Gala 
7340 South West 9th Street 
Miami, Florida 33144 


Dr. Edna Didwell 

Lawrence Livermore National Laboratory / L-389 
P.O. Box 808 

Livermore, California 94550 


Elizabeth C. Kisenwether 

HRB Systems, Inc. 

P.O. Box 60 

Science Park 

State College, Pennsylvania 16804-0060 


170 











Thesis 

G1324 Gala 

Gaul Analysis and evaluation 
of Project Evergreen 
data. 


wos 4, i 
| we P, ab J t)4 t - & 
WA ! , | } Nal eine Z Fi f 1 a J 
: 7,1 aq. 4 #1 ' Pw 4 
! Ff 7A 4 t” £0 b tsi. ‘ : te { : ‘ 4 
eotn (at ‘ft Lp t | ch  oge at Le f 4 
é { ! f r Fage ; rf ae ° : ’ 
M L ie a4 , td 
P 2 . é ad att 


Cen 
aa OR TOL RE . 
Cay _ ee 

pie) oe ead mS 

7 3 2768 Ns 
33294 4 | 
aa 14; ‘ 
<n ue xy, ’ Nes ¢ eau ; 
Se “4 “phe 
































































































































































































































































































































Tot se yt 
ey SAREE 6 tS 
Af rg) 
Py saute 
Reis A, mys Aca boy 
Piriew Pere rive sa 
c sir) eetehei i ey Me 
mn : 
vibe alas. “ AGFA 
Sey, ee wy fh it wit! 
ducers: vey babi real SitcA tN =— 
valeace cu ty r yon ey > oR PE clepe 
F be hen te. hte ce fi A Was idk gh Buen “6 fy! " ‘ ae is ‘4 ‘* AN t F iy * “F ' 
», ry “4 sie A 4 S F E ’ . 
ila ae ited ek aide: We MX wt fe rosy Mi aa iy a tn Reale! 4D ae Ora %hy 
perder ens es hei tcaeh: ar ce ania Md Bisbee att Saar 
eke hk , are *e? ff Be ft ; 4's mh 67 4 . ; j 4 
3 ay fe 4 fii it: ts - ren mo funk iy aati : nae f, a, fetta & : Pant ie %s cw ‘ te tie * By é / i ! r ei’ | 1 af 
2 ie te * \ ad y R 4’ 4 é ', “4 5 han ¥; t f un s t t q May A i 
oF eee ee ets <n vf Mane Cee! Rey v a re at vi vice m TERS NS fs if rtd & to" i pe ') Alt, 
ine can nid Oe FS oan esouN Lar! AS Sette let Ph Pa TOOT ae tS ah 63 RM os lege tte 
rary Ret nd pik ef ah lity ie t, ig t ate? pe a afi tek Ei ge : A Py ¢tu 
nhed se var nett i a % mie pated : ayn’ fey ey Bh ly sighs ve af ae “4 Geis! TF AP ey Fe as robes é wih “i : 
sf e grate! Shand ih Par i Mik ie ni gues gett oe reve yt Ry jt degen fey! ting Pe AY ib sate ty ‘ 
a! ‘ . i ? $ a al Py rh 4 f q ¢t 
eat capital tt * aia ee pig sheet tga fate ly Raa Cy e: 1h ie ef: fie mi ei Id nes ae t MN Arar ait ' > (t My, otha a ; eae cide med 
a « Dray ie at eh rit pas He as ai seas Ney neat s Fle as AM: - \ ?, tg Ail Lf his < Aah cc's a rs Pray e441 og “4 , 14 a { ' if 
Peas ae ie ae hieeiter sen Mite erst dy eT est OE OS nA a et) 
sites cae a“ a ue te jae "eds Ate is pew sth 4 7 Ha meet me eres Ag. he £9 44, { rt Vere ‘ A RP oil Ui 1 phe te eng Vee fit F 
se A " “Ke ; wt ede ” alae, Star: ; f t 
. fie se . feds é: Aas Soyit) vid ‘i ot Sieh , af Beis ee he te edly 1) fede fos ry i, hs AP ny rr f 7 Lr , AY, t a a : 
bath a fre a tte Sek baal yr fit Etat ‘ i$ Ate Py | et p Pf } A ThA” Hy. P 
: if Y ‘°° ‘ tv ev fee y? at toe as 
ore ss eG A Por ues HUA beg eal ¢ Hae RAW ge* ; vel eee I} 
1 Th ot 4 fit eh Praahe f \eib tas 6h “ Oe PANY, ale Jed ” EM AOS baie 4‘ : % tu é 
f eae, fae inne é! Ve Eb 4 Coke ¥ ; cai ai? ee tee ten reas,’ at » f ‘ . 
2s ed ites Neale dt < Pett Ye tone ge Bake Rite is ot f .. . Nh sae we LP Ks AE i nes 5h t “Sy a : 
4 saw tet a 4 en A ay. a? P Pe 4:4 et z ra a of 
PRES AE a Phy (rai Pie tet, White us 7 a. ey SL ge “ ge’ 6 
fie 4 Hh ites CO SAF h Fi ‘, fit " RATT ’ u t "¥ a « ¢ es { 
hp pnts ey * Af Fess ; tie f ' 2 | | R¢é a © 
ae 2 st a ° 7} ry ‘* nw test i ‘ i Phe a Pipe ' pote t 4 ot (4.6 at RS : 
Rese af. ‘ gyi etait fy © fhe ite} ch Apt ASS fe, Peres? ifs eau pe! yt ‘eee lb j 
4 sie pe We f ° é Se On Ag i ‘ ut @ 4 4 us be 3 
Od sat Ee At BOE AA As iets wih t set ee ey ey ry ay bbe ptt 2° oie o> doe’ 1 5 
oy 1 bh ds 1 ’ fit i e see "y Gs o> ts ye i ‘| Ty , oa a rong 6 ’ 
1 fu ih ra f¢ ‘6 \e * >£ { U ! 
Mee sete aie ie if Toa Yah 4 tar i, BS os fu eet he Ad. { ny t, t "i f, : 
: grate oily Song BR f sy ry UNS hd pp Pes 274" H4e Come J a Fe é " ¢ se SL | i . we 4 Fe , 
“a Pi a iy SPREE f. rete ee Oe Cet wig’ ce hy) A Bi nit shies Mee oe 
4 : ; ee bP ea DP Fa Fa AE ae at, ME £ ‘ Js or 
; siya \s : we gk hy fi A er oc et» < ry) rye! A aSatoe 4 A P 
Opt iT : , aie an r pein {. +3 2 ’ tf ST oe | ‘ 4? t 
ican LF 2 t . ‘ps pret eee as bo i Fh oh CF, By pts KF ef Fea rn ,! t F , 
ould eta Baas hy Stale en meanenyen tie Pe RCE REA m teibitten ay! A ae Mare t+ 
vr JM th teas ‘ ¢ 7 Uhre Laxey a ya'd of % a3 AP her Ray 4 4 t { 4 4 
is Be é 3 w i) Oh oN S's Kk at LAs "4 ag 47 98 { t 5S A. ‘ 
y ae Faia - wee CE te ylpnt 5 aT Jk ¥ & t i a put ’ ‘ 
ry LAY ety ne, H Ae Tp Bint ay ty ° ee Cet WR ? we x i i A it ve ' ‘ { 4 4 ' 7 £ AUP & ‘ 
a . of ht iets v7] 4 Ba : : PS \ ~ ? t m Fl 
f Wpih ¢ isitaty ) ait tts oLe + 6 O92 F aS yf het bs Med a atts ! « us ye j 
fs . P *3 ; AD cM af te" ae re aly ee Ree ike ne ' Hf fe $ey $ tl Veg Ge katt INS ‘1 : 6 ‘sree : 7 
ree tars ae eM aig gine daa Roun cates hile eae fe Eilon Ag TOURS Php eas kobe 
4 “8 fh Ss f ak ro ‘ ‘ % Ogg Pay H , | i a's 
a3 ne eh crn Ree eK 6 ee ore ++ ren, f he Sea et aise ff ieee BONG ial up ¢t dtiaiaans at ss *. i ee l of * ci Cre s t m7 f a ik ¢ - 
¢ ah , 174, Ce ke i ris F . a seas P a‘s F r . 
a. x ae ibe Oe : OR a ateue Hote ee S, RK f tft Ae rately ti RASS J Ay af Fi ti eM ee * &f PAs 5 ty are ‘ vt 
ae ay Fett Hy of a i Leh ghent nye op wich totals! ae Nr Pag hae Ct OGE AE Sue sk Lagat? ‘ 
Be cf iy FA 7s) Pea Sef i yy Se ng! a : . & i As cece K: ie it Rae Oe i Cast P Oy a" £ £ was 2 tt F 2 — Ht f “it , f 
a of eae t i Mi a ea ¢ Ne EY Ep aed a S of a * 4,8 § 2 vu rn 
AD eRe Hah th 4" 4) Ne Sale a lat te ye eteig tae y ad ig LEN tet La Py 4 { ‘4 at iy $ f er { “ ate - { 
= x Savy gay i An op Axx ate gar BAD Sade EEN? MF seed ats t Pees ae ata ‘ 
oe ea a & f uA ¢ C4 4 if 4 t 
Se fe oe Ne Ree wie no Le Pena PEE ANG Nght hati ts Wee EU it ee 
Fe Pie ola ied ete ‘: cs ke < ieee AX “t) wf wh ys ‘ we He ie fits f,! jetty a teh; , ty re ee ‘ ‘ 
bs SPT i npr | ; vurs i me >! gre ' “t 4 Sekt ¥8 bgt Oy Nee ‘4 ‘s J *y* ‘ rey e t. 
Meee: . Re Fee PG i bolaeseg mt ny es mh EN te : ttn. Poti if fe ‘ ?. Ne j ty ttt $ she is cles "4 & 
Fat Q : wae iF ne st o} id a roy alg idny ve HP a es t ia bare’ Bayt qi * Aves 
A i Pee $ opt ee dhs ‘ St L7e ie ak eb APO ahr ea i ey ¢ ! #75 'o1 r 
sl gosh SAG opts Be as ee es és he Poy rata a! A t fhee RPE AY iti a Wi es ki Cae ( . 
Pr S56" G ah pay a 4 ates . cae ti? wets g xg? “49 4 nL 2 “1 gs NG a fx “he ey af a¢ ¢* f° gf ’ 4 6 be 4 
; tn tee ae ae ay ge he ow i if ey af Cddeae: NORE vat re, ‘eats oF Rr 86 : i 15h, Airy ‘ot tk “4 ee 5 
; ‘ - wig ae y Fo pyle bas Te a ae ee Fes : aryl ¢ ‘ 
Aish Eee Ve tee? sedate e! PAE ah piahnieat AA é ieee igi GA! yy rtet les! vi fe ten eee fey 
¢ sees g 0 € we etd Yr d Ay NSEC. ad ok ee SU a¢ Sf i e 
aie F ss he ay ON CY eS Rf ahh ‘ HAN, Maas 7S Ge cee IA chk #3 pike * Oa SE : ' 
Gunes Ne" 3, ripae * Web PH et aged Gl { AR. ak retyt X s , , ‘¢ 
7¥ te ¥ ‘¥ se = t é nA i agnet at 4 { ° at 
f ped aN Wee sé? tece tof 
Be: 4 ‘ Pista mt bt LGR ht Mag gtelite iy t , 
‘ ) 2 ee gh nd at f ¢ fet! it 6 oe WG 
ae ee es r boa 5 7 , Ler x, wl mS) , i ae ie af 'f * is ry ean ed 
ae KA Ai f a ath setts Mek ; satitet yy Settee aT) a ‘i “ea ARY ry 5 ALS af “tie ” “{ cae Pi : 
ite peas Se re ee tral, riory a tga tye? + “Bes =, fe Ay our ot g prs S et ELLY R pats ye ‘ : Tey i be ( 7 i AAs ‘ ' 
Rey ioe Tan! REAR FS tai SHAN ie LE ANd Peas EREGEYS A eet cee s vee : 
} & Bet ete a) 3 ASE T at sah . ees BORE cite pay Pe Ce ae (Nee tt eat AN 48 tet a 4G! ae h 
Hs ASHE HINA * eet SAL Rete Pa AU Be IO NA Meri Sle walleye Wh Rae ara 
aA ads Fay Bp ery eh af iS RG RS pavers tee ¥"¢ CS DEO Ae Eh ve ¢ ¢ fen or ae ed ahs bgt A 
t3 EaraMty nye ta dtders 3 SRE ity paehotet ety AN est CAE aATe Fae | pr Ne ye 4a f H 4 at ' pik, Np 6 ‘ 
aE 2 te ge is * eee ft ‘g “2 Tas e WD $b ri ‘ - rad a r 4 
iNesaeas ee fet aN S pee Ay, ol ghey hd hry aie OL. ste he ryt She re : 
at teh C4 ie it sf woe gg se 3f garde 6% “~ > a ‘« Yet res R f mak PN ’ y te FLAY ‘ { e » a 
SHR ie eset Ae Se Bes +8 fy Ane ‘ S44 'e gh ¢." f. ve ee a a€ ify ce wu Pf ‘ fy J vt J . ‘ a 
A we Mo gs ‘ o # war Masa %, thé ¢ itis 5.45 4 . uf ‘ yf F Pad bed 
oe Lee SE: SAE fe fg Ake DASA i are ti ibd mt fas ode o1%e fs Oh, PL f 
t 
RU ves ay we UNS & ATES gs Pe { +4! fle tt ai rhs ss 
i ” 3 BR's M wk as he i, ¢ 4 ee . e ' 
MEL? ; * , “4 oi By oh 3 fA, 4. ‘4 ont cof, ef ; t oe ‘ 
; / ( a, at Set . r 
Cee (4) aos! i; he ee vet - Aes i! i? ‘ 1 oe 
e t itp ts 1% Ay. a°, ys : rs 4,5 q t) 
iets a cD 1) ae ' 
‘ Pe Td t 5 .* F) 
2 a g 4 ¢ . 
4 4 A ? Fi H% ‘ 
« tf 
fp — J 
4, iC x ’ 
Se oe Sie | 
Renata 3 . . was, AYU: fey i f : 
ny oS er ) . 
Be hake ieee - Lin an 48 c he, An : rep ath Cbs ; 
7. orze ver ; eM ibsy ih ay a ee i 
tb tne Uy ¢! F a oa : f 
nda =, a ihe SPR ES (5 mS vey) aT aS 3 3. f 
ye . RAN ay ; ets mit ce aT * Me CR ae / ° : 
x , ee , r Sard " ™ ‘ . ‘ « “ ’ A 
Daf ‘ td ee - Ayh 4 tape pe ah mE IS / , 
= s P25 \ Tas Pot ‘ - “ , si ‘i, 4 é - ban J . 
“y! ‘ " : oF he , " q t i : ¢ 4 ¢ s 
; * f mrs : Pi be xk Ae th arp Z ae hs : ; a , H tae ,f 7 
ath og ahs py 3 ry . ex be hy ae ° ‘ad a F, y Bi Hh. ee 4 " F Hg grag, ¥ p : : a 4 ov é 
ecurs vs 4 OF " Ey Cs: OMS: Hag 4 Cs « | bast Lip ¢ ’ $ ‘ 
ch wh ii , i, q “one N. ht | ; . ozo, tk Gey v5 , } <4 | ‘ 
7 i S, Ly 3 ‘ . . _ = ‘ s* Ph 3% = Ps ot 2 et » ‘ a 7 B « i e 4 . e ¢ 
ates oH h , ‘ eth ra i oF . i Fy 5 "2 ’  % ‘ : a 
oe at Ne a a i ‘ % : : { WM, A i) ne bY: . sa ch s % phy : se i ‘ e¢ ‘ a y 
: bye eter 2 Fa Fay ned “airy Sparel a reed’ 4 ae eg iat ¢ 
' Ty j “5 eS, te 4 ‘ { ‘ <° z z ' 
t s are % eres wes wt, nak PUES ty eh . : ~@ 3 
s 7 ay A ee i : ; 
: ait ge em Ll al ih 4 t 
is tina ch 4 é + rs He , A> st ‘1 be Ph € iu ‘ Aa ‘ Red los ial quel i 
’ i. ete) 5 aa 2 ea : bak i phe, Se4 2k cgay ‘ ‘ Coke st | ria % wbe a, ,i,f ° 
ine Ne! b 3 fore af ph oe Nye & « at i | ae if ys gerbe ott 
Serra fee or a : fae] ot "Batlle y aut eta P ty ie i ny ae % P ere ’ 
orem - ae Lan Re EO A RN 
ee * rity eee Hor ss bikes east ea : Cs. ee Pe: ‘ot 
* srt Pe hice * Bon + he irk f 4 Cd Se 46 ° Ae Sqi* r fs ew oo bd 
te + SESE ied at Si + ners ig Rite hate f e's oy Oy ©; arn ° 
Sige ey Sper ee SS i sshkenire For pa heen ta ah Se , aR ye Fe WE pee G : 
ees: hte Phy sere KS Mr 4 f % Md Restart : ) ’ 2 rs Pi pees ‘ ite 
ten ay vane Perires sate PONE ithe ake: RAR TEAS aU OT pa ae A 
seas Fo cht 187 pth hs pm, er ler Si & % . 
eae aaah at Sateaatee a Bayt yt 
ds ps hasetud ee Meeietets ra aes fare eb ‘ at ae ih nt 
seh ge ty aly ue enti an : set ph wa tale pie 8 ie Say oY SM: SA UNS — 
ety Diving ning Ae! am i oa ms a webiien Sanertgt : | ae ‘ 
: eo a HD are NaS EN AU DENNY athe cea ib peat ee it 
at ae he S. a Saecneeaes + ay PAT a ee ak ‘nyt p on 4 “iS 4 2 A toh 4 *! i ae live t« ig < \ 
* PNlsaters: , HK wk {45 HR Pat ee Or) rh “ess 4 CO Ai ees EU aed Piri tae, cogs a a oe i 
a ’ ¢ J . t ® a" 4° a, ¥ - ~*, el ; f 78 as Zs ® S 
ees a aS ; ie aS . at; ® : ¢ ne . tu “6 “ uy i) Pay 2 . Biot, t “ 4 i th Mi ‘ ‘ 
¢: bares iN Rie kt a of oh a a nts Ak % . Tas Kut ib a th. > = «é 
Sits Ke ¥ ip orb Die ot ORC x en a ge,ft Th Bae C1 att : ae 
ms bw Ae ny US ar " st gat A + Li ¢ > D5 ct Ay a wb 6 * , i 2 t P v 
& “et its “f ig * Oatig ie ee cee . ‘ae Ki ee & + ig ies t ry a a4 .4 7. e . we, we - e ;" é 
. 4 ‘. w ad 
ras Shy WANE a &. if eve Se Rac Bas hk 4 ek st es ee a! re oe “} : . 7 P,P 
Paar ¥. eel a“ it “ iy £4 tert o&+ Sk, $° 1 4 Gat Py i ‘ ve Ao: if i A ‘, Sree wea ft Phy q we a F ‘, q » 
= Ss a! oy 2 te be a é uf M4 ek 3 if by ras path Rp, Gee's 4 ; ae: y' 'o 4’ Ap! ‘A = 4) 8 ch ua : ce’ e = fg 
wi 4 we 1S ¥ ood hts 4 Yee: aN ' : er ed Re os Z 4 . % pe suse SLEAn ad x at é 4 > 18 
See eae mare nag tnlonl oe ci - aa Pe Ve = ig fen AN Wig ee ih : sires ou salt t & AMiy £6 a hee 5 he \ \ y “al * t ’ 
vale eee : es : 8 a : ) oN ‘ * Ty A vhf mt OF v8 os % . sy ag yy et: yee ’ ¥ yh ihe rarely ne, pad atu G AAS uy iy .*3 et *% so 
ys Sa as . an: at pe ent AS i yey 4% ay et Se Ie 4, % 4 Aud Sits Ct EY 2 Kl e,! (7 Ty. ta 7, ie 
§: a " 7 “ ¥4 ¥ t ¢ 1 4 nat f ed fie t 
) wey whe mah nse’ ur a a Se mist nigh wie . 4 ae ah ly sie y acne the ~ ‘ Nae he & af ght, ‘ ay ' f & ue ¥,% Sa * , : 
mamas * ‘ *% Us ’ “©. nee £ Phe A ® suis i a L he 4 6 q 
Soest eres se ap See Ave | - tt: { oh 78 4 sy wi A pe hay v,4 2 \: ' ’ a 
ae hte fhone wo" ae ees ma % va ; Ag 4.08 BR ‘ana 4 ia ui A yy ities a ie ©, : AD Py vee Bay Pe OU foi 
: ‘ Tat. rg, & SRAVNS Ae: nit . 4k . ; ‘ 
aT ne Nyretey t as : M ai em bn BL etre bet is >’ hes in ‘te Nem ties Ne MM A took stb AL Pay tig: yh yig AY w vel ass Ve Gite: 
clap 4 Soa ce Ses Y ~ si, Wee rs eh + ithe if Oth es fi eh : ty 4 a4 r A 
chen See Sees wie G48 viene’ ‘ Was a wt eat yy tae ae oi c 1S iP ada ea eae vl dc uae Eye ; ¢ a : 
‘ yr . , ‘ ‘wee fo pe Sm s ti 
pals ta ae " Le 8 > x OC rot Ck dal ee ths yk Of pre u,! . : a) 
Away rer ore . ‘ai i ayy "é - pias @ ‘ ee | My & a4 ’ qa's y ® 
See e Se “ie, ‘ * fC ON : as. die ee ee Ry ' ai 
aah Sy , bowel me ae i ak vi sates satin 4 é A. Met ©, 8% ) ta “e Ke - ne ‘ ‘ s ; +] 
3 — Ss ty * A eA 4A iy > PE a: 5 ,*. Gs ti ee Poet tp { 4344 on ei 
pret ; Me Nay eet | Be es Als, 
wey > ae | . any rg 1e UCN , | Ke , Phe 3 : 
ates Sex eae se ie en , "% "4 SINGS tere? ie ‘ > AP é #,0°% ry 
x seat as : hatte (esp . “athe ite in Ka At AT a , an ed v ne ae 7 
pr ; ‘ Ye ¥ bis agty 4 PA atae y % ecco isk: Ly . 
vane tie te 8 ses tn oie Ss Ni Ge Das as t4'Ciga, eae “eh hk: ~ tel . iO rerk 6 bbe righ ee 
ba aod Natori ime 6. Lt rehi ; fare, rh a % Sy % ees a " aoe . Abs ak 2 * DS et rote va : Aye  &S5 4° ae i a . oe 4 
ie ceaeeg ek si M 7 ¥ ¥ a 0,4 * 9 Cad | o% & $4 8h ra % 
ma aces eit Rants see wefan SOON Nataly Ry ent Sie SYS - 
= eS Maadip ‘tx os * ‘ if rs Ath by hs Nh . Pave nh u Ry % at ; ‘4 f feat *, Oe Lie A RY Ke "wy A u rt & fume a , “s bd 
©. ees ee ai hy ape chpae : 1 yet BOs, ty ‘ ? RA at Os RL 4 [ ; 
sop Md nd x4 —— wn 6 <h 1 ee i! * eS a Y foot i a bi Saak, SA eux: St bet \ oe iw ra var f a 
Stab, TS eta are has GAP Pee at he ese Seas Ke Yo aah rh ve ea | nde Rita hs Pate i ari A 3 I if i 
02 Byer ie PSS Taint Sha Ray Siz MAR : rl MN nde nie GaN rh 4%: Sen AT Pan, eae Oe 
: Soi j ¥ ; Pe ae pee <y % thd ce rut: oe edb X vane “4 0%? i t Sa ' , 
» ea oy 3 ne oo PAM ey &4 wii ke 3 «4 “ Aas Ey yy 4 a Oe t . os x WY > apy ive 4 
a : ed 4, 5; * 4. . x & oa avin ar aii ne be ine ; Ay 4 e AAS vat. 
nt ot Halt ert ‘i ‘ d Sah s ay é . eet 8 mata Won hb ne, § \ Cah 4 e i 
* Scitee aw ee , A ae mall a ie t gh eee arith, Pale Ao ee i! Wh hte win he é 
: ; ae Y, Rt 1 fees yar! vehi A ‘ 4 ' ae 6 : ‘ 
Sp IE Tem, 5 se 4: e + “~y aw 4s 4 4 d us aren 5 4% 1 j F 
py hn re i anaes h hh \ yn +44 ethsd way i a4 toy ba, t4 4 4 g ‘ 4 ta 
sa See : ar Ni) 5 ! t “iy ‘ os \4 € 4 digs an », *) Pods 4." iad ea : 
se Wiens hate, eh a ) ul ips, eevee & ane 
pete » s Y Bie, G : * | i ix ie taal > & aa » ae t , @ 6 
4, y me ehh My hoe t Mt at ‘ £ & 
? Ad ey! hudts ted . +t §, PRS wed EAA : hot hd Co UA i 4 r a i 
mA ret. C . } ‘ *s 7 * ‘ & . ‘ "4 ¥ wis’ Ve . y “tk. He d 4 ew 1 ." * fy a t F t 4 
t , ‘ ie ey aie hl ee Sey toe Ch Oe’ Rite \ wa fi Lei vs 
Ja. d ! “fe ¥ SM 94% . ‘ ad , y Lies “ 4 uh i oer 84 A Mast e i 1 
" i ed (Ways ¥ oO eb aotd te 4 Hr Se os ait fl eae Aq . i ‘ 4A : 
; oa Mh) ry bi $6 Ck A) e 4 { X + niet ¢ . 
Re aun we > wks COA IO. Waka raha ek we, ' 
“Y we > *' \e:: t* et : tee “ Ad &% { .4," bet, 1 Gas Pak ' i 
eas By Fh + %: GA re, 5 % ue Y, je "3 a i : 4 1 4 2 
ert ee het * iy shed gh ‘ i & 
By sy ‘ ce WY hye st ‘ nigh ++ ax i, % ‘“¢! wey ' ‘ t inte 
RA RO NEAR pA ide ns bo cies lhe 
Ra § ay Kt Pa te 4 *.* “ae 
“ &2 i 4vie¢ fr { 
id ‘ 
ti § a ye. 


wig Fak eran: 
3 oS 


ei ry 
a. ae te 
tt NN 

wie , ; 

om 9 206 FA wide k 
Ly oye 4 
Mee aint tS y 
| tee 4 
. 7 ma a F 
hE 


